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TELECOMMUNICATIONS TANDEM SYSTEM FOR CIRCUIT-BASED TRAFFIC 



BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

The invention relates to tandem systems for circuit-based traffic, and in particular, to tandem 
systems that use Asynchronous Transfer Mode (ATM) systems to interconnect various circuit-based 
networks or network elements. 

2. DESCRIPTION OF THE PRIOR ART 

The tandem function is used to concentrate and switch telecommunications traffic in between 
networks, switches, and other network elements. Figure I depicts the conventional tandem switch known 
in the prior art. The three switches and the network element are all connected to the tandem switch. The 
tandem switch allows the switches to connect to the network element without a direct connection 
between the switches and the network element. It also allows each switch to connect to every other 
switch without direct connections between all of the switches. This savings in connections and trnnking 
is one of the benefits of tandem switches. Additionally, the connection between the tandem switch and 
the network element uses bandwidth more efficiently because traffic has been concentrated at the tandem 
switch. In addition, a tandem switch can be used to concentrate traffic that is going to other networks. 

The connections shown on Figure 1 as solid lines are circuit-based connections. Circuit-based 
connections are well known in the art with some examples being Time Division Multiplex (TDM) 
connections, such as DS3, DS1, DSO, E3, El, or E0 connections. DS3 connections carry a continuous 
transport signal at 44.736 megabits per second. DS 1 connections carry a continuous transport signal at 
1 .544 megabits per second. DSO connections carry a continuous transport signal at 64 kilobits per 
second. As is known, DS3 connections can be comprised of multiple DS1 connections, which in turn, 
can be comprised of multiple DSO connections. The signaling links shown as dashed lines may be 
conventional signaling links with examples being SS7, C7, or ISDN links. The switches shown on 
Figure 1 are well known circuit switches with examples being the Nortel DMS-250 or the Lucent 5ESS. 
The tandem switch is typically comprised of a circuit switch that interconnects DS3, DS1, and DSO 
connections. 

Those skilled in the art are aware of the costs and efficiencies associated with tandem switches. 
Many networks cannot justify implementing a tandem switch until the efficiencies gained through the 
tandem function outweigh the cost of the tandem switch. This is problematic because inefficiencies must 
be tolerated until they outweigh the high cost of the tandem switch. At present, there is a need for a more 
affordable and efficient tandem switching system. 

SUMMARY 

The invention includes a telecommunications tandem system and method for providing a 
tandem connection for a call. The tandem system comprises a first ATM interworking multiplexer, an 
ATM cross-connect, a second ATM interworking multiplexer, and a signaling processor. The first ATM 
interworking multiplexer receives circuit-based traffic for the call from a first circuit-based connection. 
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It converts the circuit-based traffic mto ATM cells that identify a selected virtual connection based on 
a first control message and transmits the ATM cells. The ATM cross-connect is connected to the first 
ATM interworking multiplexer. It receives the ATM cells from the first ATM interworking multiplexer 
and routes the ATM cells based on the selected virtual connection identified in the ATM cells. The 
second ATM interworking multiplexer that is connected to the ATM cross-connect. It receives the ATM 
cells from the ATM cross-connect. It converts the ATM cells into the circuit-based traffic and transmits 
the circuit-based traffic over a selected second circuit-based connection based on a second control 
message. The signaling processor is linked to the first ATM multiplexer and the second ATM 
multiplexer. It receives and processes telecommunications signaling for the call to select the virtual 
connection and the second circuit-based connection. It provides the first control message for the call to 
the first ATM multiplexer and provides the second control message for the call to the second ATM 
multiplexer. The first control message identifies the first circuit-based connection and the selected 
virtual connection. The second control message identifies the selected virtual connection and the 
selected second circuit-based connection. As a result, the tandem connection is formed by the first 
circuit based connection, the selected virtual connection, and the selected second circuit based 
connection. 

In various other embodiments. The tandem system provides the tandem connection for the call 
between: two circuit-based switches, two circuit-based switching networks, a circuit-based switch and 
an enhanced services platform, an incumbent local exchange carrier and a competitive local exchange 
carrier, a first competitive local exchange carrier and a second competitive local exchange carrier, a local 
exchange carrier and an interexchange carrier, for the call, a local exchange carrier and an international 
carrier, an interexchange carrier and an international carrier. 

In various embodiments,the signaling processor selects the connections for the call based on: 
a call set-up message, a Signaling System #7 Initial Address Message (SS7 IAM), a called number, an 
NPA, an NXX, an NPA-NXX, a destination network, a transit network selection code, a carrier 
identification parameter, a nature of address, a network element identifier, a local route number, or a 
trunk group. 

In various embodiments, numerous physical limitations may also distinguish the invention. The 
first ATM multiplexer and the second ATM multiplexer may be incorporated into a single ATM 
multiplexer. The first control message and the second control message may be incorporated into a single 
control message. The first ATM multiplexer, the second ATM multiplexer, and the ATM cross-connect 
may be physically located at the same site. The signaling processor, the first ATM multiplexer, the 
second ATM multiplexer, and the ATM cross-connect may be physically located at the same site. 

Advantageously, the invention provides a tandem function between circuit based systems 
without the need for a circuit-based switch or an ATM switch. The invention is capable of accomplish- 
ing various forms of tandem routing without requiring a full set of complex routing logic. For example, 
the invention may only analyze a destination network code to select a tandem connection and could omit 
the need to analyze a called number. The invention is also capable of providing an ATM interface. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a block diagram of a version of the prior art. 
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Fig. 2 is a block diagram of a version of the present invention. 

Fig. 3 is a block diagram of a version of the present invention. 
- - Fig. 4 is a block diagram of a version of the present invention. 

Fig. 5 is a logic diagram of a version of the present invention. 
^ Fig. 6 is a logic diagram of a version of the invention. 

Fig. 7 is a message sequence chart of a version of the invention. 

Fig. 8 is a block diagram of a version of the present invention. 

Fig. 9 is a logic diagram of a version of the present invention. 

Fig. 10 is a logic diagram of a version of the present invention. 

Fig. 1 1 depicts an example of the trunk circuit table. 

Fig. 12 depicts an example of the trunk group table. 

Fig. 13 depicts an example of the exception table. 

Fig. 14 depicts an example of the AN1 table. 

Fig. 15 depicts an example of the called number table. 

Fig. 16 depicts an example of the routing table. 

Fig. 17 depicts an example of the treatment table. 

Fig. 18 depicts an example of the message table. 

DETAILED DESCRIPTION 

For purposes of clarity, the term "connection" will be used to refer to the transmission media 
used to carry user traffic. The term "link" will be used to refer to the transmission media used to carry 
signaling or control messages. Fig. 1 depicts a prior art tandem switch. Shown are three switches 
connected to a network element through the tandem switch. The switches are also connected to each 
other through the tandem switch. The use of the tandem switch avoids the need for direct connections 
between all of these switches and the network element. The use of the tandem switch also avoids the 
need for direct connections between the switches themselves. Typically, the tandem switch is comprised 
of a conventional circuit switch. 

Fig. 2 depicts a version of the present invention. Shown is tandem system 200, switch 210, 
switch 212, switch 214, and network element 290. Switches 2 10, 212, and 214 are connected to tandem 
system 200 by connections 220, 222, and 224 respectively. Switches 210, 212, and 214 are linked to 
tandem system 200 by links 230, 232, and 234 respectively. As stated above, the "connections" carry 
telecommunications traffic and the "links" carry telecommunications signaling and control messages. 
Tandem system 200 is also connected and linked to network element 290 by connection 226 and link 
236. 

Those skilled in the art are aware that large networks have many more components than are 
shown. For example, there would typically be a multitude of switches and network elements connected 
through tandem system 200. Those skilled in the art will appreciate that a signal transfer point (STP) 
could be used to transfer signaling among the various components. The number of components shown 
on Fig. 2 has been restricted for clarity. The invention is fully applicable to a large network. 

Switches 210, 212, and 214 could be conventional circuit switches or any source of circuit- 
based traffic. Network element 290 represents any element that accepts circuit-based traffic. Examples 
of such network elements are switches and enhanced service platforms. Often, network element 290 
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would be in a different telecommunications network than switches 210, 212, and 214. Connections 220, 
222, 224, and 226 could be any connection that carries circuit-based traffic. Typically, these are DS3 
or DS1 connections. Typically, the common DSO used for traditional voice calls is embedded within the 
DS3 or DS1. Links 230, 232, 234, and 236 are any links that carry telecommunications signaling or 
control messages with an example being a Signaling System #7 (SS7) link. Those skilled in the art are 
familiar with circuit-based traffic and signaling. 

Tandem system 200 is a set of components that are operational to accept circuit-based traffic 
and signaling, and then switch the traffic to the proper destination in accord with the signaling. An 
example would be where switch 2 1 0 handles a call destined for network element 290. Switch 2 1 0 would 
seize a call connection within connection 220 to tandem system 200. Typically, this call connection is 
a DSO embedded within a DS3. Additionally, switch 210 will forward an SS7 Initial Address Message 
(IAM) to tandem system 200 over link 230. An 1AM contains information such as the dialed number, 
the caller's number, and the circuit identification code (CIC). The CIC identifies the incoming DSO in 
connection 220 that is used for the call. Tandem system 200 will receive and process the IAM and select 
an outgoing connection for the call. In this example, this would be a DSO embedded within connection 
226 to network element 290. As a result, tandem system 200 will connect the DSO in connection 220 
to the selected DSO in connection 226. Additionally, tandem system 200 may forward an IAM or other 
message to network element 290 over link 236. The same basic procedure could be used to connect a 
call from switch 214 to switch 212, or to connect a call from network element 290. to switch 214. 

Tandem system 200 operates using the following technique. Tandem system 200 converts the 
incoming circuit-based traffic into Asynchronous Transfer Mode (ATM) cells. It also processes the 
incoming signaling associated with the traffic to select appropriate ATM connections for the cells. It 
then routes the cells through an ATM matrix. After leaving the matrix, the ATM cells are converted 
back into a circuit-based format and provided to a selected circuit-based connection. By controlling the 
selections of the ATM connection and circuit-based connection, tandem system 200 is able to connect 
any inbound circuit-based connection to any outbound circuit-based connection. For example, any 
incoming DSO could be connected to any outbound DSO by selecting the appropriate ATM virtual 
channel and outbound DSO within the tandem system. It should be pointed out that the use of ATM can 
be completely internal to tandem system 200 and can be transparent to the external network outside of 
tandem system 200. In some embodiments, tandem system 200 could also receive and transmit ATM 
traffic in addition to circuit- based traffic. 

Fig. 3 depicts tandem system 300 which is a version of the tandem system from Fig. 2. Those 
skilled in the art will appreciate variations from this version that are also contemplated by the invention. 
Tandem system 300 has connections 320, 322, 324, and 326 that correspond to connections 220, 222, 
224, and 226 of Fig. 2. Tandem system 300 has links 330, 332, 334, and 336 that correspond to links 
230, 232, 234, and 236 of Fig. 2. 

Tandem system 300 is comprised of signaling processor 350, ATM interworking multiplexer 
(mux) 360, mux 362, mux 364, and ATM cross-connect 370. Mux 360 is connected to cross-connect 
370 by connection 380. Mux 362 is connected to cross-connect 370 by connection 382. Mux 364 is 
connected to cross-connect 370 by connection 384. Muxes 360. 362. and 364 are linked to signaling 
processor 350 by link 390. 
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Connections 380, 382, and 384 could be any connections that support ATM. Link 390 could 
be any link capable of transporting control messages. Examples of such a link could be SS7 links, 
UDP/IP or TCP/IP over ethernet, or a bus arrangement using a conventional bus protocol. 

.'dii Signaling processor 350 is any processing platform that can receive and process signaling to 
select virtual connections and circuit-based connections, and then generate and transmit messages to 
identify the selections. Various forms of signaling are contemplated by the invention, including ISDN, 
SS7, and C7. A preferred embodiment of the signaling processor is discussed in detail toward the end 
of the disclosure. 

Muxes 360, 362, and 364 could' be any system operable to interwork traffic between ATM and 
non-ATM formats in accord with control messages from signaling processor 350. These control 
messages are typically provided on a call-by-call basis and identify an assignment of a DS0 to a Virtual 
Path Identifiers/Virtual Channel Identifier (VPI/VCI). The mux would interwork the user traffic between 
the DS0 and ATM based on the control messages. For example, a mux might receive a DS0 call 
connection and convert this traffic into ATM cells with a VPI/VCI selected by signaling processor. A 
mux may also receive ATM cells from ATM cross-connect 370. These ATM cells would be converted 
back into the DS0 format and provided to the DS0 call connection selected by signaling processor 350. 
In some embodiments, the muxes are operational to implement digital signal processing as instructed in 
control messages (typically from signaling processor 350). An example of digital signal processing 
would be echo cancellation or continuity testing. A preferred embodiment of these muxes are also 
discussed in detail below. 

ATM cross-connect 370 is any device that provides a plurality of ATM virtual connections 
between the muxes. An example of an ATM cross-connect is the NEC Model 20. In ATM, virtual 
connections can be designated by the VPI/VCI in the cell header. Cross-connect 370 can be configured 
to provide a plurality of VPI/VCI connections between the muxes. The following examples illustrate 
a possible configuration. VPI "A" could be provisioned from mux 360 through cross-connect 370 to 
mux 362. VPI "B" could be provisioned from mux 360 through cross-connect 370 and to mux 364. VPI 
"C could be provisioned from mux 360 through cross-connect 370 and back to mux 360. Similarly, 
VPIs could be provisioned from: mux 362 to mux 360, mux 362 to mux 364, mux 362 back to mux 362, 
mux 364 to mux 360, mux 364 to mux 362, and mux 364 back to mux 364. In this way, the selection 
of the VPI essentially selects the outgoing mux. The VCIs could be used to differentiate individual calls 
on the VPI between two muxes. 

DS3, DS1, and DS0 connections are bi-directional, whereas ATM connections are uni- 
directional. This means that the bi-directional connections will typically require two ATM connections — 
one in each direction. This could be accomplished by assigning a companion VPI/VCI to each VPI/VCI 
used for call set-up. The muxes would be configured to invoke the companion VPI/VCI in order to 
provide a return path for the bi-directional connection. 

In some embodiments, the signaling processor, the muxes, and the cross-connect will all be 
physically located at the same site. For example, the tandem system would occupy a single site just as 
a circuit switch occupies a single site. In this way, the tandem system physically and functionally 
emulates a tandem circuit switch. However, the component nature of the tandem system allows it to be 
distributed if desired. For example, in alternative embodiments, the muxes and the cross-connect will 
be physically located at the same site, but the signaling processor will be located at a remote site. 
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The system would operate as follows for a call on connection 320 destined for connection 326. 
In this embodiment, the user information from connection 324 is capable of being muxed to the DSO 
level, but this is not required in other embodiments. Additionally, SS7 signaling is used in this 
embodiment, but other signaling protocols, such as C7 signaling, are also applicable to the invention. 

A DSO in connection 320 would be seized and an IAM related to the call would be received 
over link 330. Signaling processor 350 would process the IAM to select a VPI/VCI from mux 362 
through ATM cross-connect 370 to mux 364. Signaling processor 350 would also select a DSO on 
connection 326 from mux 364. These selections may be based on many factors with a few examples 
being the dialed number or the identity of the destination network. Signaling processor 350 would send 
a control message over link 390 to mux 362 that identifies both the seized DSO in connection 320 and 
the selected VPI/VCI. Signaling processor 350 would also send a control message over link 390 to mux 
364 that identifies both the selected VPI/VCI and the selected DSO in connection 326. If required, 
signaling processor would also instruct one of the muxes to apply echo cancellation to the call. In 
addition, signaling processor 350 would transmit any signaling required to continue call set-up over links 
15 330 and 336. 

Mux 362 would receive the control message from signaling processor 350 identifying the seized 
DSO in connection 324 and the selected VPI/VCI. Mux 362 would then convert the user information 
from the seized DSO in connection 324 into ATM cells. Mux 362 would designate the selected VPI/VCI 
in the cell headers. 

20 The virtual connection designated by the selected VPI/VCI would have been previously 

provisioned through cross-connect 370 from mux 362 to mux 364. As a result, cells with the selected 
VPI/VCI are transmitted over connection 382 and transferred by cross-connect 370 over connection 384 
to mux 364. 

Mux 364 would receive a control message from signaling processor 350 identifying the selected 
25 VPI/VCI and the selected DSO in connection 326. Mux 364 will convert the ATM cells with the selected 

VPI/VCI in the cell header to the selected DSO on connection 326. Thus it can be seen that the selections 
of the VPI/VCI and DSO by signaling processor 350 can be implemented by muxes 362 and 364 to 
interconnect DSOs on connection 320 and 326. These interconnections can be provided by tandem 
system 300 on a call by call basis. 

Upon completion of the call, signaling processor 350 would receive a release message (REL) 
indicating call tear-down. As a result, signaling processor 350 would provide tear down messages to 
mux 360 and mux 364. When the muxes receive these messages they would disassociate the VPI/VCI 
and the DSOs. This effectively terminates the call connection and frees up the VPI/VCI and DSOs for 
use on other calls. 



30 



35 



40 



From the above description, it can be seen that call-by-call control over the VPI/VCIs and DSOs 
at the ATM/DS0 interworking point is used to interconnect the traffic from incoming DSOs to outbound 
DSOs. This interworking point where traffic is converted is in the muxes. Unlike conventional circuit 
switches, the matrix (i.e. the cross-connect) is not controlled on a call-by-call basis. It is merely 
provisioned to interconnect the muxes. This greatly simplifies the invention over conventional tandem 
switches. This unique combination of components and control provides many advantages for a tandem 
system. It can typically be produced at lower cost than a conventional tandem circuit switch. The 
components of the tandem system are readily scalable, so that the size of the tandem system can be 
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tailored to specific traffic demands and upgraded as needed. As will be seen, the signaling processor is 
not integrated within a switch. This allows it to be tailored more readily to a given task. For example, 
. robust and expensive routing logic may not be required. 

;$s? ^ Fig. 4 depicts tandem system 400. Tandem system 400 is the same as tandem system 300 from 
--*Figv 3, except that connection 486 has been added. For the purposes of clarity, the other reference 
numbers have been omitted. Connection 486 is ATM connection. Typically, the ATM connection 
would use a transport protocol, such as SONET or DS3, but others are also known. Connection 486 
provides ATM systems with access to tandem system 400. This access occurs through the cross-connect. 
The cross-connect would be provisioned to connect particular VPI/VCIs on connection 486 to particular 
muxes. In this way, non-ATM traffic entering tandem system 400 through a mux could egress the 
system in the ATM format over connection 486. Additionally, ATM traffic could enter tandem system 
400 over connection 486 and egress through a mux on a non-ATM connection. In some embodiments, 
a signaling fink from the signaling processor to the cross-connect could be used to exchange B-ISDN 
signaling between the signaling processor and the ATM system through the cross-connect and connection 
486. In such an embodiment, B-ISDN signaling VPI/VCIs are provisioned through the cross-connect 
between the signaling processor and the ATM system. Advantageously, tandem system 400 provides 
tandem access to and from ATM systems. 

Fig. 5 depicts tandem system 500, switch 510, switch 512, network element 514, network 520, 
network 522, and network 524. These components are all known in the art and are connected and linked 
as shown on Fig. 5. These connections and links are as described above, but for the sake of clarity, the 
connections and links are not numbered. Tandem system 500 operates as described above. 
- - Fig. 5 is provided to illustrate various routing features of tandem system 500. Because tandem 
system 500 may be implemented to provide a specific type of tandem function, the routing can be 
tailored to the specific needs as well. Advantageously, this can simplify the complexity and cost of 
tandem system 500. 

In one embodiment, tandem system 500 routes based on the area code (NPA) in a dialed 
number. This could be the case where switches 510 and 512 provide traffic to tandem system 500 for 
routing to network element 514 and networks 520, 522, and 524. If the network element and networks 
can be differentiated for purposes of routing by area code, then tandem system 500 need not be 
configured with complex routing logic. 

In one embodiment, tandem system 500 routes based on the exchange code (NXX) in a dialed 
number. This might be the case where switches 5 1 0 and 5 1 2, network element 514, and networks 520, 
522, and 524 are all in the same area code. If these components are in the same area code, but can be 
differentiated for purposes of routing by NXX, then tandem system 500 need not be configured with 
complex routing logic. In another embodiment, tandem system 500 could route based both NPA and 
NXX. 

In some embodiments, tandem system 500 could route based on the identity of the destination 
network. Often, the identity of the next network in the call path is provided in a signaling message. 
Tandem system 500 would receive the signaling message over a signaling link an identify the destination 
network. The SS7 IAM includes a transit network selection code or a carrier identification parameter. 
Either of these codes can be used by tandem system 500 to identify the destination network and select 
a route to the destination network. For example, switch 5 1 2 may identify network 524 as the destination 
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network in the IAM to tandem system 500. By reading the carrier identification perameter in the IAM, 
tandem system 500 could identify network 524 as the destination and select a route to network 524. This 
eliminates significant call processing and simplifies tandem system 500. 

In some embodiments, tandem system 500 could read the nature of address in the IAM to 
identify types of operator assisted and international calls. Once identified, the calls could be routed to 
the appropriate operator system or international carrier. 

In some embodiments, the tandem system 500 may facilitate routing in a number portability 
scenario. Number portability allows called parties to retain their telephone number when they move. 
When a network encounters one of these ported numbers, it will launch a TCAP query to a database that 
can identify the new network element that now serves the called party. (Typically, this new network 
element is the class 5 switch where the called party is now located.) The identity of the network element 
is provided in a TCAP response back to the network element that sent the query. The TCAP response 
identifies the new network element that now serves the called party. This identification can be a local 
route number contained in the TCAP. 

In the context of the invention, tandem system 500 could support number portability. Tandem 
system 500 could query the database and route to the appropriate network based on the local route 
number in the TCAP response. Tandem system 500 could also receive calls from systems that have 
already queried the number portability database. In this case, tandem system 500 would use the local 
route number in the signaling to identify the destination network and route the call. 

In some embodiments, the key to routing the call will be trunk group selection. Trunk groups 
typically contain many DSOs. For example, the connections between tandem system 500 and networks 
520, 522, and 524 could each be a trunk group. For calls received from switches 5 10 and 5 12, tandem 
system 500 may only need to determine which of these three trunk groups to use. This is because the 
selection of the trunk group effectively routes the call to the proper network. The selection of the DS0 
within the selected trunk group is based on the availability within the selected trunk group. 

Fig. 6 depicts tandem system 600, Incumbent Local Exchange Carrier (ILEC) 620, Competitive 
Local Exchange Carrier (CLEC) 622, CLEC 624, Interexchange Carrier (IXC) 626, IXC 628, and 
international carrier 630. These networks are familiar to those skilled in the art and are connected and 
linked as shown. Examples of the connections are DS1, DS3 or ATM connections and examples of the 
links are SS7 links, although other connections and links that apply are also known. ILECs are the 
established local networks. The CLECs are newer local networks that are allowed to compete with the 
established local networks. As a result, numerous LECs « either incumbent or competitive - will 
provide services to the same area. These ILECs and CLECs will need access to each other. They will 
also need access to IXCs for long distance calls and to international carriers for international calls. 
Tandem system 600 is similar to the tandem systems described above and it provides interconnection 
among these networks. For example, all local calls from ILEC 620 to CLEC 622 may use tandem system 
600 for the interconnection. Call signaling and connections would be provided to tandem system 600 
by ILEC 620. Tandem system would process the signaling and interconnect the calls to CLEC 622. 
Tandem system 600 would typically send additional signaling to CLEC 622 to facilitate call completion. 

Similar arrangements could be made between the other networks. Tandem system 600 could 
provide tandem access between the following combinations: CLEC and CLEC, CLEC and ILEC, ILEC 
and IXC, CLEC and IXC, IXC and IXC, ILEC and international carrier, CLEC and international carrier, 
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and IXC and international carrier. In some cases this routing could be effected by processing the local 
routing number, transit network selection code, or carrier identification perameter. In this way, call 
processing at tandem system 600 is simplified, yet each network has access to the other networks without 
managing multiple connections. 

■ • • 

THE ATM INTER WORKING MULTIPLEXER 

Fig. 7 shows one embodiment of the mux that is suitable for the present invention, but other 
muxes that support the requirements of the invention are also applicable. Shown arc control interface 
700, OC-3 interface 705, DS3 interface 710, DS1 interface 715, DS0 interface 720, digital signal 
processor 325, ATM adaption Layer (AAL) 730, and OC-3 interface 735. 

Control interface 700 accepts messages from the signaling processor. In particular, control 
interface 700 provides DSO/virtual connection assignments to AAL 730 for implementation. Control 
interface 700 may accept control messages from the signaling processor with messages for DS0 720. 
These messages could be to connect DSOs to: 1) other DSOs, 2) digital signal processor 725, or 3) AAL 
730 (bypassing digital signal processor 725). Control interface 700 may accept control messages from 
the signaling processor with messages for digital signal processing 725. An example of such an message 
would be to disable an echo canceller on a particular connection, 

OC-3 interface 705 accepts the OC-3 format and makes the conversion to DS3. DS3 interface 
7 1 0 accepts the DS3 format and makes the conversion to DS 1. DS3 interface 7 1 0 can accept DS3s from 
OC-3 interface 705 or from an external connection. DSl interface 715 accepts the DSl format and 
makes the conversion to DS0. DSl interface 715 can accept DSls from DS3 interface 710 or from an 
external connection. DS0 interface 720 accepts the DS0 format and provides an interface to digital signal 
processor 725 or AAL 730. In some embodiments, DS0 interface 420 could be capable of directly 
interconnecting particular DSOs. This could be the case for call entering and egressing from the same 
mux. This would also be useful to facilitate continuity testing by a switch. OC-3 interface 735 is 
operational to accept ATM cells from AAL 730 and transmit them, typically over the connection to a 
cross-connect. 

Digital signal processor 725 is operational to apply various digital processes to particular DSOs 
in response to control messages received through control interface 700. Examples of digital processing 
include: tone detection, tone transmission, loopbacks, voice detection, voice messaging, echo 
cancellation, compression, and encryption. In some embodiments, digital signal processing 725 could 
handle continuity testing. For example, the signaling processor may instruct the mux to provide a 
loopback for a continuity test and or disable cancellation for a call. Digital signal processor 725 is 
connected to AAL 730. As discussed, DSOs from DS0 interface 720 may bypass digital signal 
processing 725 and be directly coupled to AAL 730. 

AAL 730 comprises both a convergence sublayer and a segmentation and reassembly (SAR) 
layer. AAL 730 is operational to accept the user information in DS0 format from DSO interface 720 or 
digital signal processor 725 and convert the information into ATM cells. AALs are known in the art and 
information about AALs is provided by International Telecommunications Union (ITU) document 
1.363. An AAL for voice is also described in patent application serial number 08/395,745, filed on 
February 28, 1995, entitled "Cell Processing for Voice Transmission", and hereby incorporated by 
reference into this application. AAL 730 obtains the virtual path identifier (VPl) and virtual channel 
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identifier (VCI) for each call from control interface 700. AAL 730 also obtains the identity of the DS0 
for each call (or the DSOs for an Nx64 call). AAL 730 then converts user information between the 
identified DS0 and the identified ATM virtual connection. Acknowledgments that the assignments have 
been implemented may be sent back to the signaling processor if desired. Calls with a bit rate that are 
a multiple of 64 kbit/second are known as Nx64 calls. If desired, AAL 730 can be capable of accepting 
control messages through control interface 700 for Nx64 calls. 

As discussed above, the mux also handles calls in the opposite direction -- from OC-3 interface 
735 to DS0 interface 720. This traffic would have been converted to ATM by another mux and routed 
to OC-3 735 by the cross-connect over the selected VPI/VCI. Control interface 700 will provide AAL 
730 with the assignment of the selected VPI/VCI to the selected outbound DS0. The mux will convert 
the ATM cells with the selected VPI/VCI in the cell headers into the DS0 format and provide it to the 
selected outbound DS0 connection. 

A technique for processing VPI/VCIs is disclosed in patent application serial number 
08/653,852, filed on May 28, 1996, entitled "Telecommunications System with a Connection Processing 
15 System", and hereby incorporated by reference into this application. 

DS0 connections are bi-directional and ATM connections are typically uni-directional. As a 
result, two virtual connections in opposing directions will typically be required for each DS0. As 
discussed, this can be accomplished provisioning the cross-connect with companion VPI/VCIs in the 
opposite direction as the original VPI/VCIs. On each call, the muxes would be configured to 
automatically invoke the particular companion VPI/VCI to provide a bi-directional virtual connection 
to match the bi-directional DSO on the call. 
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THE SIGNALING PROCESSOR 
The signaling processor is referred to as a call/connection manager (CCM), and it receives and 
processes telecommunications call signaling and control messages to select connections that establish 
communication paths for calls. In the preferred embodiment, the CCM processes SS7 signaling to select 
connections for a call. CCM processing is described in a U.S. Patent Application having attorney docket 
number 1 148, which is entitled "Telecommunication System," which is assigned to the same assignee 
as this patent application, and which is incorporated herein by reference. 

In addition to selecting connections, the CCM performs many other functions in the context of 
call processing. It not only can control routing and select the actual connections, but it can also validate 
callers, control echo cancelers, generate billing information, invoke intelligent network functions, access 
remote databases, manage traffic, and balance network loads. One skilled in the art will appreciate how 
the CCM described below can be adapted to operate in the above embodiments. 

Fig. 8 depicts a version of the CCM. Other versions are also contemplated. In the embodiment 
of Fig. 8, CCM 800 controls an ATM interworking multiplexer (mux) that performs interworking of 
DSOs and VPI/VCIs. However, the CCM may control other communications devices and connections 
in other embodiments. 

CCM 800 comprises signaling platform 810, control platform 820, and application platform 
40 830. Each of the platforms 8 1 0, 820, and 830 is coupled to the other platforms. 

Signaling platform 810 is externally coupled to the SS7 systems - in particular to systems 
having a message transfer part (MTP), an ISDN user part (ISUP), a signaling connection control part 
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(SCCP), an intelligent network application part (INAP), and a transaction capabilities application part 
(TCAP). Control platform 820 is externally coupled to a mux control, an echo control, a resource 
control, billing, and operations. 
± Signaling platform 8 1 0 comprises MTP levels 1 -3, ISUP, TCAP, SCCP, and INAP functionality 

iand-is operational to transmit and receive the SS7 messages. The ISUP, SCCP, INAP, and TCAP 
functionality use MTP to transmit and receive the SS7 messages. Together, this functionality is referred 
as an "SS7 stack," and it is well known. The software required by one skilled in the art to configure an 
SS7 stack is commercially available, for example, from the Trillium company. 

Control platform 820 is comprised of various external interfaces including a mux interface, an 
echo interface, a resource control interface, a billing interface, and an operations interface. The mux 
interface exchanges messages with at least one mux. These messages comprise DSO to VPI/VCI 
assignments, acknowledgments, and status information. The echo control interface exchanges messages 
with echo control systems. Messages exchanged with echo control systems might include instructions 
to enable or disable echo cancellation on particular DSOs, acknowledgments, and status information. 

The resource control interface exchanges messages with external resources. Examples of such 
resources are devices that implement continuity testing, encryption, compression, tone detec- 
tion/transmission, voice detection, and voice messaging. The messages exchanged with resources are 
instructions to apply the resource to particular DSOs, acknowledgments, and status information. For 
example, a message may instruct a continuity testing resource to provide a loopback or to send and detect 
a tone for a continuity test. 

The billing interface transfers pertinent billing information to a billing system. Typical billing 
information includes the parties to the call, time points for the call, and any special features applied to 
the call. The operations interface allows for the configuration and control of CCM 800. One skilled in 
nhe art will appreciate how to produce the software for the interfaces in control platform 820. 

Application platform 830 is functional to process signaling information from signaling platform 
810 in order to select connections. The identity of the selected connections are provided to control 
platform 820 for the mux interface. Application platform 830 is responsible for validation, translation, 
routing, call control, exceptions, screening, and error handling. In addition to providing the control 
requirements for the mux, application platform 830 also provides requirements for echo control and 
resource control to the appropriate interface of control platform 820. In addition, application platform 
830 generates signaling information for transmission by signaling platform 810. The signaling 
information might be ISUP, INAP, or TCAP messages to external network elements. Pertinent 
information for each call is stored in a call control block (CCB) for the call. The CCB can be used for 
tracking and billing the call. 

Application platform 830 operates in general accord with the Basic Call Model (BCM) defined 
by the ITU. An instance of the BCM is created to handle each call. The BCM includes an originating 
process and a terminating process. Application platform 830 includes a service switching function (SSF) 
that is used to invoke the service control function (SCF). Typically, the SCF is contained in a service 
control point (SCP). The SCF is queried with TCAP or INAP messages. The originating or terminating 
processes will access remote databases with intelligent network (IN ) functionality via the SSF function. 



WO 98/23063 



PCT/US97/20286 



12 



' Software requirements for application platform 830 can be produced in specification and 
descnption language (SDL) defined in ITU-T Z. 1 00. The SDL can be converted into C code. Additional 
C and C++ code can be added as required to establish the environment. 

CCM 800 can be comprised of the above-described software loaded onto a computer The 
computer can be an Integrated Micro Products (IMP) FT-Sparc 600 using the Solaris operating system 
and conventional database systems. It may be desirable to utilize the multi-threading capability of a Unix 
operating system. 

From Fig. 8, it can be seen that application platform 830 processes signaling information to 
control numerous systems and facilitate call connections and services. The SS7 signaling is exchanged 
with external components through signaling platform 810, and control information is exchanged with 
external systems through control platform 820. Advantageously, CCM 800 is not integrated into a switch 
CPU that , s coupled to a switching matrix. Unlike an SCP, CCM 800 is capable of processing ISUP 
messages independently of TCAP queries. 
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SS7 MESSAGE DESIGNATIONS 
SS7 messages are well known. Designations for various SS7 messages commonly are used 
skilled m the art are familiar with the following message designations: 
Address Complete Message 
Answer Message 
Blocking 

Blocking Acknowledgment 

Call Progress 

Charge Information 

Circuit Group Blocking 

Circuit Group Blocking Acknowledgment 

Circuit Group Reset 

Circuit Group Reset Acknowledgment 

Circuit Group Unblocking 

Circuit Group Unblocking Acknowledgment 

Circuit Group Query 

Circuit Group Query Response 

Circuit Reservation Message 

Circuit Reservation Acknowledgment 

Circuit Validation Test 

Circuit Validation Response 

Confusion 

Continuity 

Continuity Check Request 
Exit Message 
Information 
Information Request 
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IAM 


Initial Address 


LPA 


Loop Back Acknowledgment 


PAM 


Pass Along 


REL 


Release 


RIP 
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RES 


Resume 


sus 


Suspend 


UBL 


Unblocking 


UBA. 


Unblocking Acknowledgment 


UC1C -- 


Unequipped Circuit Identification Code 


CCM TABLES 





Call processing typically entails two aspects. First, an incoming or "originating" connection 
is recognized by an originating call process. For example, the initial connection that a call uses to enter 
a network is the originating connection in that network. Second, an outgoing or "terminating" 
connection is selected by a terminating call process. For example, the terminating connection is coupled 
to the originating connection in order to extend the call through the network. These two aspects of call 
processing are referred to as the originating side of the call and the terminating side of the call. 

Fig. 5 depicts a data structure used by application platform 830 to execute the BCM. This is 
accomplished through a series of tables that point to one another in various ways. The pointers are 
typically comprised of next function and next index designations. The next function points to the next 
table, and the next index points to an entry or a range of entries in that table. The data structure has trunk 
circuit table 500, trunk group table 502, exception table 504, ANI table 906, called number table 908, 
and routing table 910. 

Trunk circuit table 900 contains information related to the connections. Typically, the 
connections are DS0 or ATM connections. Initially, trunk circuit table 900 is used to retrieve 
information about the originating connection. Later, the table is used to retrieve information about the 
terminating connection. When the originating connection is being processed, the trunk group number 
in trunk circuit table 900 points to the applicable trunk group for the originating connection in trunk 
group table 902. 

Trunk group table 902 contains information related to the originating and terminating trunk 
groups. When the originating connection is being processed, trunk group table 902 provides information 
relevant to the trunk group for the originating connection and typically points to exception table 904. 

Exception table 904 is used to identify various exception conditions related to the call that may 
influence the routing or other handling of the call. Typically, exception table 904 points to ANI table 
906. Although, exception table 904 may point directly to trunk group table 902, called number table 
908, or routing table 910. 

ANI table 906 is used to identify any special characteristics related to the caller's number. The 
caller's number is commonly known as automatic number identification (ANI). ANI table 906 typically 
points to called number table 908. Although, ANI table 906 may point directly to trunk group table 902 
or routing table 910. 
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Called number table 908 is used to identify routing requirements based on the called number. 
This will be the case for standard telephone calls. Called number tabic 908 typically points to routing 
table 910. Although, it may point to trunk group table 902. 

Routing table 910 has information relating to the routing of the call for the various connections. 
Routing table 910 is entered from a pointer in either exception table 904, AN1 table 906, or called 
number table 908. Routing table 9 1 0 typically points to a trunk group in trunk group table 902. 

When exception table 904, ANI table 906, called number tabic 908, or routing table 910 point 
to trunk group table 902, they effectively select the terminating trunk group. When the terminating 
connect™ is being processed, the trunk group number in trunk group table 902 points to the trunk group 
that contains the applicable terminating connection in trunk circuit table 902. 

The terminating trunk circuit is used to extend the call. The trunk circuit is typically a VPI/VCI 
or a DS0. Thus it can be seen that by migrating through the tables, a terminating connection can be 
selected for a call. 

Fig. 10 is an overlay of Fig. 9. The tables from Fig. 9 are present, but for clarity, their pointers 
have been omitted. Fig. 10 illustrates additional tables that can be accessed from the tables of Fig 9 
These include CCM ID table 1000, treatment table 1004, query/response table 1006, and message table 
1008. 

CCM ID table 1000 contains various CCM SS7 point codes. It can be accessed from trunk 
group table 902, and it points back to trunk group table 902. 

Treatment table 1004 identifies various special actions to be taken in the course of call 
processing. This will typically result in the transmission of a release message (REL) and a cause value. 
Treatment table 1004 can be accessed from trunk circuit table 900, trunk group table 902, exception table 
904, ANI table 906, called number table 908, routing table 910, and query/response table 1006. 

Query/response table 1 006 has information used to invoke the SCF. It can be accessed by trunk 
group table 902, exception table 904, ANI table 906, called number table 908, and routing table 910 
It points to trunk group table 902, exception table 904, ANI table 906, called number table 908, routing 
table 9 1 0, and treatment table 1 004. 

Message table 1008 is used to provide instructions for messages from the termination side of 
the call. It can be accessed by trunk group table 902 and points to trunk group table 902. 

Figs. 1 1-18 depict examples of the various tables described above. Fig. 1 1 depicts an example 
of the trunk circuit table. Initially, the trunk circuit table is used to access information about the 
originating circuit. Later in the processing, it is used to provide information about the terminating 
circuit. For originating circuit processing, the associated point code is used to enter the table. This is 
the point code of the switch or CCM associated with the originating circuit. For terminating circuit 
35 processing, the trunk group number is used to enter the table. 

The table also contains the circuit identification code (CIC). The CIC identifies the circuit 
which is typically a DS0 or a VPI/VCI. Thus, the invention is capable of mapping the SS7 CICs to the 
ATM VPI/VCI. If the circuit is ATM, the virtual path (VP, and the virtual channel (VC) also can be 
used for identification. The group member number is a numeric code thai is used for terminating circuit 
selection. The hardware identifier identities the location of the hardware associated with the originating 
circuit. The echo canceler (EC) identification (ID) entry identifies the echo canceler for the originating 
circuit. 
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The remaining fields are dynamic in that they are filled during call processing. The echo control 
entry is filled based on three fields in signaling messages: the echo suppressor indicator in the IAM or 
* CRM, the echo control device indicator in the ACM or CPM, and the information transfer capability in 

^Pthe IAM. This information is used to determine if echo control is required on the call. The satellite 

vsU indicator is filled with the satellite indicator in the 1AM or CRM. It may be used to reject a call if too 
many satellites are used. The circuit status indicates if the given circuit is idle, blocked, or not blocked. 
The circuit state indicates the current state of the circuit, for example, active or transient. The time/date 
indicates when the idle circuit went idle. 

Fig. 12 depicts an example of the trunk group table. During origination processing, the trunk 
group number from the trunk circuit table is used to key into the trunk table. Glare resolution indicates 
how a glare situation is to be resolved. Glare is dual seizure of the same circuit. If the glare resolution 
entry is set to "even/odd" the network element with the higher point code controls the even circuits, and 
the network element with the lower point code controls the odd circuits. If the glare resolution entry is 
set to "all," the CCM controls all of the circuits. If the glare resolution entry is set to "none, 11 the CCM 
yields. The continuity control entry lists the percent of calls requiring continuity tests on the trunk group. 

The common language location identifier (CLLI) entry is a Bellcore standardized entry. The 
satellite trunk group entry indicates that the trunk group uses a satellite. The satellite trunk group entry 
is used in conjunction with the satellite indicator field described above to determine if the call has used 
too many satellite connections and, therefore, must be rejected. The service indicator indicates if the 
incoming message is from a CCM (ATM) or a switch (TDM). The outgoing message index (OMI) 
points to the message table so that outgoing messages can obtain parameters. The associated number 

v.^plan area (NPA) entry identifies the area code. 

Selection sequence indicates the methodology that will be used to select a connection. The 
selection sequence field designations tell the trunk group to select circuits based on the following: least 
idle, most idle, ascending, descending, clockwise, and counterclockwise. The hop counter is 

> decremented from the LAM. If the hop counter is zero, the call is released. Automatic congestion control 
(ACC) active indicates whether or not congestion control is active. If automatic congestion control is 
active, the CCM may release the call. During termination processing, the next function and index are 
used to enter the trunk circuit table. 

Fig. 13 depicts an example of the exception table. The index is used as a pointer to enter the 
table. The carrier selection identification (ID) parameter indicates how the caller reached the network 
and is used for routing certain types of calls. The following are used for this field: spare or no indication, 
selected carrier identification code presubscribed and input by the calling party, selected carrier 
identification code presubscribed and not input by the calling party, selected carrier identification code 
presubscribed and no indication of input by the calling party, and selected carrier identification code not 
presubscribed and input by the calling party. The carrier identification (ID) indicates the network that 
the caller wants to use. This is used to route calls directly to the desired network. The called party 
number nature of address differentiates between 0+ calls, 1 + calls, test calls, and international calls. For 
example, international calls might be routed to a pre-selected international carrier. 

The called party "digits from" and "digits to" focus further processing unique to a defined range 
of called numbers. The "digits from" field is a decimal number ranging from 1-15 digits. It can be any 
length and, if filled with less than 1 5 digits, is filled with 0s for the remaining digits. The "digits to" field 
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is a decimal number ranging from 1-15 digits. It can be any length and, if filled with less than 15 digits, 
is filled with 9s for the remaining digits. The next function and next index entries point to the next table 
which is typically the ANI table. 

Fig. 14 depicts an example of the ANI table. The index is used to enter the fields of the table. 
The calling party category differentiates among types of calling parties, for example, test calls, 
emergency calls, and ordinary calls. The calling party\charge number entry nature of address indicates 
how the ANI is to be obtained. The following is the table fill that is used in this field: unknown, unique 
subscriber numbers, ANI not available or not provided, unique national number, ANI of the called party 
included, ANI of the called party not included, ANI of the called party includes national number, non- 
unique subscriber number, non-unique national number, non-unique international number, test line test 
code, and all other parameter values. 

The "digits from" and "digits to" focus further processing unique to ANI within a given range. 
The data entry indicates if the ANI represents a data device that does not need echo control. Originating 
line information (OLI) differentiates among ordinary subscriber, multiparty line, ANI failure, station 
level rating, special operator handling, automatic identified outward dialing, coin or non-coin call using 
database access, 800/888 service call, coin, prison/inmate service, intercept (blank, trouble, and regular), 
operator handled call, outward wide area telecommunications service, telecommunications relay service 
(TRS), cellular services, private paystation, and access for private virtual network types of service. The 
next function and next index point to the next table which is typically the called number table. 

Fig. 15 depicts an example of the called number table. The index is used to enter the table. The 
called number nature of address entry indicates the type of dialed number, for example, national versus 
international. The "digits from" and "digits to" entries focus further processing unique to a range of 
called numbers. The processing follows the processing logic of the "digits from" and "digits to" fields 
in Fig. 9. The next function and next index point to the next table which is typically the routing table. 

Fig. 16 depicts an example of the routing table. The index is used to enter the table. The transit 
network selection (TNS) network identification (ID) plan indicates the number of digits to use for the 
CIC. The transit network selection "digits from" and "digits to" fields define the range of numbers to 
identify an international carrier. The circuit code indicates the need for an operator on the call. The next 
function and next index entries in the routing table are used to identify a trunk group. The second and 
third next function/index entries define alternate routes. The third next function entry can also point back 
to another set of next functions in the routing table in order to expand the number of alternate route 
choices. The only other entries allowed are pointers to the treatment table. If the routing table points 
to the trunk group table, then the trunk group table typically points to a trunk circuit in the trunk circuit 
table. The yield from the trunk circuit table is the terminating connection for the call. 

It can be seen from Figs. 11-16 that the tables can be configured and relate to one another in 
such a way that call processes can enter the trunk circuit table for the originating connection and can 
traverse through the tables by keying on information and using pointers. The yield of the tables is 
typically a terminating connection identified by the trunk circuit table. In some cases, treatment is 
specified by the treatment table instead of a connection. If, at any point during the processing, a trunk 
group can be selected, processing may proceed directly to the trunk group table for terminating circuit 
selection. For example, it may be desirable to route calls from a particular.ANI over a particular set of 
trunk groups. In this case, the ANI table would point directly to the trunk group table, and the trunk 
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group table would point to the trunk circuit table for a terminating circuit. The default path through the 
tables is: trunk circuit, trunk group, exception, AN I, called number, routing, trunk group, and trunk 
circuit. 

& Fig. 17 depicts an example of the treatment table. Either the index or the message received 

i*cause number are filled and are used to enter the table. If the index is filled and used to enter the table, 
the general location, coding standard, and cause value indicator are used to generate an SS7 REL. The 
message received cause value entry is the cause value in a received SS7 message. If the message 
received cause value is filled and used to enter the table, then the cause value from that message is used 
in a REL from the CCM. The next function and next index point to the next table. 

.. Fig. 18 depicts an example of the message table. This table allows the CCM to alter information 
in outgoing messages. Message type is used to enter the table, and it represents the outgoing standard 
SS7 message type. The parameter is the pertinent parameter within the outgoing SS7 message. The 
indexes point to various entries in the trunk group table and determine if parameters can be unchanged, 
omitted, or modified in the outgoing messages. 

Those skilled in the art will appreciate that variations from the specific embodiments disclosed 
above are contemplated by the invention. The invention should not be restricted to the above 
embodiments, but should be measured by the following claims. 
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CLAIMS 

1 . A telecommunications tandem system for providing a tandem connection for a call, 

wherein the tandem system comprises; 

a first ATM interworking multiplexer that is operational to receive circuit-based traffic for the 
call from a first circuit-based connection., to convert the circuit-based traffic into ATM 
cells that identify a selected virtual connection based on a first control message, and 
to transmit the ATM cells; 
an ATM cross-connect that is connected to the first ATM interworking multiplexer and that is 
operational to receive the ATM cells from the first ATM interworking multiplexer and 
to route the ATM cells based on the selected virtual connection identified in the ATM 
cells; 

a second ATM interworking multiplexer that is connected to the ATM cross-connect and that 
is operational to receive the ATM cells from the ATM cross-connect, to convert the 
ATM cells into the circuit-based traffic, and to transmit the circuit-based traffic over 
a selected second circuit-based connection based on a second control message; and 

a signaling processor that is linked to the first ATM multiplexer and the second ATM 
multiplexer and that is operational to receive and process telecommunications 
signaling for the call to select the virtual connection and the second circuit-based 
connection, to provide the first control message for the call to the first ATM 
multiplexer, and to provide the second control message for the call to the second ATM 
multiplexer, wherein the first control message identifies the first circuit-based 
connection and the selected virtual connection, wherein the second control message 
identifies the selected virtual connection and the selected second circuit-based 
connection, and wherein the first circuit based connection, the selected virtual 
connection, and the selected second circuit based connection form the tandem 
connection. 



2. The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection for the call between two circuit-based switches. 

30 

3. The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection for the call between two circuit-based switching networks. 

4. The tandem system of claim 1 wherein the tandem system is operational to provide the 
35 tandem connection for the call between a circuit-based switch and an enhanced services platform. 

5. The tandem system of claim 1 wherein the selected virtual connection is provisioned 
from the first ATM interworking multiplexer to the second ATM interworking multiplexer through the 
ATM cross-connect before the call. 



40 



6. The tandem system of claim 1 wherein the circuit-based connections are DSO 

connections 
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7. The tandem system of claim I wherein the first ATM multiplexer and the second ATM 

multiplexer are incorporated into a single ATM multiplexer. 

^ 8. The tandem system of claim 1 wherein the first control message and the second control 

message are incorporated into a single control message. 

9. The tandem system of claim 1 wherein the first ATM multiplexer, the second ATM 

multiplexer, and the ATM cross-connect are physically located at the same site. 

.. 10. The tandem system of claim 1 wherein the signaling processor, the first ATM 
multiplexer, the second ATM multiplexer, and the ATM cross-connect are physically located at the same 
site. 

1 1 . The tandem system of claim 1 wherein the telecommunications signaling is a call set- 
up message. 

12. The tandem system of claim I wherein the telecommunications signaling is a Signaling 
System #7 Initial Address Message (SS7 IAM). 

1 3. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on a called number in the telecommunications signaling. 

re 14. The tandem system of claim I wherein the signaling processor is operational to select 
the connections for the call based on an NPA in a called number in the telecommunications signaling. 

1 5. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on an NXX in a called number in the telecommunications signaling. 

1 6. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on an NPA-NXX in a called number in the telecommunications 
signaling. 

17. The tandem system of claim I wherein the signaling processor is operational to select 
the connections for the call based on a destination network identified in the telecommunications 
signaling. 

18. The tandem system of claim I wherein the signaling processor is operational to select 
the connections for the call based on a transit network selection code in the telecommunications 
signaling. 
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19. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the caJl based on a carrier identification perameter in the telecommunications 
signaling. 

20. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on a nature of address in the telecommunications signaling. 

2 1 . The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on a network element identified in the telecommunications signaling. 

22. The tandem system of claim I wherein the signaling processor is operational to select 
the connections for the call based on a local route number in the telecommunications signaling. 

23. The tandem system of claim I wherein the signaling processor is operational to select 
the connections for the call based on a trunk group to be used for the call. 

24. The tandem system of claim I wherein the tandem system is operational to apply echo 
cancellation to the call. 



25. The tandem system of claim 1 wherein the tandem system is operational to exchange 
ATM traffic with an ATM system for another call. 

26. The tandem system of claim I wherein the tandem system is operational to exchange 
B-ISDN signaling with an ATM system for another call. 

27. The tandem system of claim I wherein the tandem system is operational to provide the 
tandem connection between an incumbent local exchange carrier and a competitive local exchange 
carrier for the call. 



28. The tandem system of claim 1 wherein the tandem system is operational to provide 
the tandem connection between a first competitive local exchange carrier and a second competitive local 
exchange carrier for the call. 



29. The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection between a local exchange carrier and an interexchange carrier for the call. 

30. The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection between a local exchange carrier and an international carrier for the call. 

3 1 . The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection between an interexchange carrier and an international carrier for the call. 
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32. A method for operating a telecommunications tandem system for providing a tandem 
connection for a call, wherein the method comprises; 

receiving circuit-based traffic for the call into a first ATM multiplexer from a first circuit-based 
connection; 

receiving telecommunications signaling for the call into a signaling processor; 

processing the telecommunications signaling in the signaling processor to select an ATM 
connection and a second circuit-based connection for the call; 

providing a first control message from the signaling processor to the first ATM interworking 
multiplexer wherein the first control message identifies a first circuit-based connection 
and the selected ATM connection; 

providing a second control message from the signaling processor to a second ATM interwork- 
ing multiplexer wherein the second control message identifies the selected ATM 
connection and the selected second circuit-based connection; 

converting the circuit-based traffic in the first ATM multiplexer into ATM cells that identify 
the selected ATM connection based on the first control message; 

transmitting the ATM cells from the first ATM multiplexer to an ATM cross-connect; 

routing ATM cells from the ATM cross-connect to the second ATM multiplexer based on the 
selected ATM connection that is identified in the ATM cells; 

receiving the ATM cells into the second ATM multiplexer over the selected ATM connection; 

converting the ATM cells in the second ATM multiplexer into the circuit-based traffic; and 

transmitting the circuit-based traffic over the selected second circuit-based connection for the 
call based on the second control message, wherein the first circuit-based connection, 
~' the selected ATM connection, and the selected second circuit-based connection form 

r the tandem connection. 

33. The method of claim 32 wherein the tandem system provides the tandem connection 
for the call between two circuit-based switches. 

34. The method of claim 32 wherein the tandem system provides the tandem connection 
for the call between two circuit-based switching networks. 

35. The method of claim 32 wherein the tandem system provides the tandem connection 
for the call between a circuit-based switch and an enhanced services platform. 

36. The method of claim 32 wherein the selected ATM connection is provisioned from the 
first ATM interworking multiplexer to the second ATM interworking multiplexer through the ATM 
cross-connect before the call. 

37. The method of claim 32 wherein the circuit-based connections are DSO connections. 

38. The method of claim 32 wherein the first ATM multiplexer and the second ATM 
multiplexer are incorporated into a single ATM multiplexer. 
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39. The method of claim 32 wherein the first control message and the second control 
message are incorporated into a single control message. 

40. The method of claim 32 wherein the first ATM multiplexer, the second ATM 
multiplexer, and the ATM cross-connect are physically located at the same site. 

41. The method of claim 32 wherein the signaling processor, the first ATM multiplexer, 
the second ATM multiplexer, and the ATM cross-connect are physically located at the same site. 

.. 42. The method of claim 32 wherein the telecommunications signaling is a call set-up 
message. 

43. The method of claim 32 wherein the telecommunications signaling is a Signaling 
System #7 Initial Address Message (SS7 IAM). 

44. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a called number in the telecommunications signaling. 

45. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on an NPA in a called number in the telecommunications signaling. 

46. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on an NXX in a called number in the telecommunications signaling. 

47. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on an NPA-NXX in a called number in the telecommunications signaling. 

48. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a destination network identified in the telecommunications signaling. 

49. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a transit network selection code in the telecommunications signaling. 

50. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a carrier identification parameter in the telecommunications signaling. 

51. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a nature of address in the telecommunications signaling. 

52. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a network element identified in the telecommunications signaling. 
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53. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a local route number in the telecommunications signaling. 

54. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a trunk group to be used for the call. 

55. The method of claim 32 wherein the tandem system applies echo cancellation to the 

call. 

56. The method of claim 32 wherein the tandem system exchanges ATM traffic with an 
ATM system for another call. 

57. The method of claim 32 wherein the tandem system exchanges B-ISDN signaling with 
an ATM system for another call. 

58. The method of claim 32 wherein the tandem system provides the tandem connection 
between an incumbent local exchange carrier and a competitive local exchange carrier for the call. 

59. The method of claim 32 wherein the tandem system provides the tandem connection 
between a first competitive local exchange carrier and a second competitive local exchange carrier for 
the call. 

as 60. The method of claim 32 wherein the tandem system provides the tandem connection 
between a local exchange carrier and an interexchange carrier for the call. 

6 1 . The method of claim 32 wherein the tandem system provides the tandem connection 
between a local exchange carrier and an international carrier for the call. 

62. The method of claim 32 wherein the tandem system provides the tandem connection 
between an interexchange carrier and an international carrier for the call. 
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TELECOMMUNICATIONS TANDEM SYSTEM FOR CIRCUIT-BASED TRAFFIC 



5 BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

The invention relates to tandem systems for circuit-based traffic, and in particular, to tandem 
systems that use Asynchronous Transfer Mode (ATM) systems to interconnect various circuit-based 
networks or network elements. 

10 

2. DESCRIPTION OF THE PRIOR ART 

The tandem function is used to concentrate and switch telecommunications traffic in between 
networks, switches, and other network elements. Figure I depicts the conventional tandem switch known 
in the prior art. The three switches and the network element are all connected to the tandem switch. The 

15 tandem switch allows the switches to connect to the network element without a direct connection 

between the switches and the network element. It also allows each switch to connect to every other 
switch without direct connections between all of the switches. This savings in connections and trunking 
is one of the benefits of tandem switches. Additionally, the connection between the tandem switch and 
the network element uses bandwidth more efficiently because traffic has been concentrated at the tandem 

20 switch. In addition, a tandem switch can be used to concentrate traffic that is going to other networks. 

The connections shown on Figure 1 as solid lines are circuit-based connections. Circuit-based 
connections are well known in the art with some examples being Time Division Multiplex (TDM) 
connections, such as DS3, DSI, DSO, E3, El, or E0 connections. DS3 connections carry a continuous 
transport signal at 44.736 megabits per second. DSI connections carry a continuous transport signal at 

25 1 .544 megabits per second. DSO connections carry a continuous transport signal at 64 kilobits per 

second. As is known, DS3 connections can be comprised of multiple DSI connections, which in turn, 
can be comprised of multiple DSO connections. The signaling links shown as dashed lines may be 
conventional signaling links with examples being SS7, C7, or ISDN links. The switches shown on 
Figure 1 are well known circuit switches with examples being the Nortel DMS-250 or the Lucent 5ESS. 

30 The tandem switch is typically comprised of a circuit switch that interconnects DS3, DSI, and DSO 

connections. 

Those skilled in the art are aware of the costs and efficiencies associated with tandem switches. 
Many networks cannot justify implementing a tandem switch until the efficiencies gained through the 
tandem function outweigh the cost of the tandem switch. This is problematic because inefficiencies must 
35 be tolerated until they outweigh the high cost of the tandem switch. At present, there is a need for a more 

affordable and efficient tandem switching system. 

SUMMARY 

The invention includes a telecommunications tandem system and method for providing a 
40 tandem connection for a call. The tandem system comprises a first ATM interworking multiplexer, an 

ATM cross-connect, a second ATM interworking multiplexer, and a signaling processor. The first ATM 
interworking multiplexer receives circuit-based traffic for the call from a first circuit-based connection. 
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It converts the circuit-based traffic into ATM cells that identify a selected virtual connection based on 
a first control message and transmits the ATM cells, the ATM cross-connect is connected to the first 
ATM interworking multiplexer. It receives the ATM cells from the first ATM interworking multiplexer 
and routes the ATM cells based on the selected virtual connection identified in the ATM ceils. The 
second ATM interworking multiplexer that is connected to the ATM cross-connect. It receives the ATM 
cells from the ATM cross-connect. It converts the ATM cells into the circuit-based traffic and transmits 
the circuit-based traffic over a selected second circuit-based connection based on a second control 
message. The signaling processor is linked to the first ATM multiplexer and the second ATM 
multiplexer. It receives and processes telecommunications signaling for the call to select the virtual 
connection and the second circuit-based connection. It provides the first control message for the call to 
the first ATM multiplexer and provides the second control message for the call to the second ATM 
multiplexer. The first control message identifies the first circuit-based connection and the selected 
virtual connection. The second control message identifies the selected virtual connection and the 
selected second circuit-based connection. As a result, the tandem connection is formed by the first 
circuit based connection, the selected virtual connection, and the selected second circuit based 
connection. 

In various other embodiments. The tandem system provides the tandem connection for the call 
between: two circuit-based switches, two circuit-based switching networks, a circuit-based switch and 
an enhanced services platform, an incumbent local exchange carrier and a competitive local exchange 
carrier, a first competitive local exchange carrier and a second competitive local exchange carrier, a local 
exchange carrier and an interexchange carrier, for the call, a local exchange carrier and an international 
carrier, an interexchange carrier and an international carrier. 

In various embodiments, the signaling processor selects the connections for the call based on: 
a call set-up message, a Signaling System #7 Initial Address Message (SS7 IAM), a called number, an 
NPA, an NXX, an NPA-NXX, a destination network, a transit network selection code, a carrier 
identification parameter, a nature of address, a network element identifier, a local route number, or a 
trunk group. 

In various embodiments, numerous physical limitations may also distinguish the invention. The 
first ATM multiplexer and the second ATM multiplexer may be incorporated into a single ATM 
multiplexer. The first control message and the second control message may be incorporated into a single 
control message. The first ATM multiplexer, the second ATM multiplexer, and the ATM cross-connect 
may be physically located at the same site. The signaling processor, the first ATM multiplexer, the 
second ATM multiplexer, and the ATM cross-connect may be physically located at the same site.' 

Advantageously, the invention provides a tandem function between circuit based systems 
without the need for a circuit-based switch or an ATM switch. The invention is capable of accomplish- 
ing various forms of tandem routing without requiring a full set of complex routing logic. For example, 
the invention may only analyze a destination network code to select a tandem connection and could omit 
the need to analyze a called number. The invention is also capable of providing an ATM interface. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a block diagram of a version of the prior art. 
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Fig. 2 is a block diagram of a version of the present invention. 

Fig. 3 is a block diagram of a version of the present invention. 

Fig. 4 is a block diagram of a version of the present invention. 

Fig. 5 is a logic diagram of a version of the present invention, 
5 3* Fig. 6 is a logic diagram of a version of the invention. 

Fig. 7 is a message sequence chart of a version of the invention. 

Fig. 8 is a block diagram of a version of the present invention. 

Fig. 9 is a logic diagram of a version of the present invention. 

Fig. 10 is a logic diagram of a version of the present invention. 
10 Fig. 1 1 depicts an example of the trunk circuit table. 

Fig. 12 depicts an example of the trunk group table. 

Fig. 13 depicts an example of the exception table. 

Fig. 14 depicts an example of the AN1 table. 

Fig. 15 depicts an example of the called number table. 
15 Fig. 16 depicts an example of the routing table. 

Fig. 17 depicts an example of the treatment table. 

Fig. 1 8 depicts an example of the message table. 

DETAILED DESCRIPTION 
20 For purposes of clarity, the term "connection" will be used to refer to the transmission media 

used to carry user traffic. The term "link" will be used to refer to the transmission media used to carry 

signaling or control messages. Fig. 1 depicts a prior art tandem switch. Shown are three switches 

connected to a network element through the tandem switch. The switches are also connected to each 
„ ^ : other through the tandem switch. The use of the tandem switch avoids the need for direct connections 
25 between all of these switches and the network element. The use of the tandem switch also avoids the 

need for direct connections between the switches themselves. Typically, the tandem switch is comprised 

of a conventional circuit switch. 

Fig. 2 depicts a version of the present invention. Shown is tandem system 200, switch 210, 

switch 212, switch 214, and network element 290. Switches 210, 212, and 214 are connected to tandem 
30 system 200 by connections 220, 222, and 224 respectively. Switches 210, 212, and 214 are linked to 

tandem system 200 by links 230, 232, and 234 respectively. As stated above, the "connections" carry 

telecommunications traffic and the "links" carry telecommunications signaling and control messages. 

Tandem system 200 is also connected and linked to network element 290 by connection 226 and link 

236. 

35 Those skilled in the art are aware that large networks have many more components than are 

shown. For example, there would typically be a multitude of switches and network elements connected 
through tandem system 200. Those skilled in the art will appreciate that a signal transfer point (STP) 
could be used to transfer signaling among the various components. The number of components shown 
on Fig. 2 has been restricted for clarity. The invention is fully applicable to a large network. 

40 Switches 210, 212, and 214 could be conventional circuit switches or any source of circuit- 

based traffic. Network element 290 represents any element that accepts circuit-based traffic. Examples 
of such network elements are switches and enhanced service platforms. Often, network element 290 
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would be in a different telecommunications network than switches 2 10, 2 12, and 2 14. Connections 220, 
222, 224, and 226 could be any connection that carries circuit-based traffic. Typically, these are DS3 
or DS1 connections. Typically, the common DSO used for traditional voice calls is embedded within the 
DS3 or DS1 . Links 230, 232, 234, and 236 are any links that carry telecommunications signaling or 
control messages with an example being a Signaling System #7 (SS7) link. Those skilled in the art are 
familiar with circuit-based traffic and signaling. 

Tandem system 200 is a set of components that are operational to accept circuit-based traffic 
and signaling, and then switch the traffic to the proper destination in accord with the signaling. An 
example would be where switch 2 10 handles a call destined for network element 290. Switch 210 would 
seize a call connection within connection 220 to tandem system 200. Typically, this call connection is 
a DSO embedded within a DS3. Additionally, switch 210 will forward an SS7 Initial Address Message 
(IAM) to tandem system 200 over link 230. An IAM contains information such as the dialed number, 
the caller's number, and the circuit identification code (CIC). The QIC identifies the incoming DSO in 
connection 220 that is used for the call. Tandem system 200 will receive and process the IAM and select 
an outgoing connection for the call. In this example, this would be a DSO embedded within connection 
226 to network element 290. As a result, tandem system 200 will connect the DSO in connection 220 
to the selected DSO in connection 226. Additionally, tandem system 200 may forward an IAM or other 
message to network element 290 over link 236. The same basic procedure could be used to connect a 
call from switch 214 to switch 212, or to connect a call from network eiement 290 to switch 214. 

Tandem system 200 operates using the following technique. Tandem system 200 converts the 
incoming circuit-based traffic into Asynchronous Transfer Mode (ATM) cells. It also processes the 
incoming signaling associated with the traffic to select appropriate ATM connections for the cells. It 
then routes the cells through an ATM matrix. After leaving the matrix, the ATM cells are converted 
back into a circuit-based format and provided to a selected circuit-based connection. By controlling the 
selections of the ATM connection and circuit-based connection, tandem system 200 is able to connect 
any inbound circuit-based connection to any outbound circuit-based connection. For example, any 
incoming DSO could be connected to any outbound DSO by selecting the appropriate ATM virtual 
channel and outbound DSO within the tandem system. It should be pointed out that the use of ATM can 
be completely internal to tandem system 200 and can be transparent to the external network outside of 
tandem system 200. In some embodiments, tandem system 200 could also receive and transmit ATM 
traffic in addition to circuit-based traffic. 

Fig. 3 depicts tandem system 300 which is a version of the tandem system from Fig. 2. Those 
skilled in the art will appreciate variations from this version that are also contemplated by the invention. 
Tandem system 300 has connections 320, 322, 324, and 326 that correspond to connections 220, 222, 
224, and 226 of Fig. 2. Tandem system 300 has links 330, 332, 334, and 336 that correspond to links 
230, 232, 234, and 236 of Fig. 2. 

Tandem system 300 is comprised of signaling processor 350, ATM interworking multiplexer 
(mux) 360, mux 362, mux 364, and ATM cross-connect 370. Mux 360 is connected to cross-connect 
370 by connection 380. Mux 362 is connected to cross-connect 370 by connection 382. Mux 364 is 
connected to cross-connect 370 by connection 384. Muxes 360. 362. and 364 are linked to signaling 
processor 350 by link 390. 
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Connections 380, 382, and 384 could be any connections that support ATM. Link 390 could 
be any link capable of transporting control messages. Examples of such a link could be SS7 links, 
UDP/1P or TCP/IP over ethernet, or a bus arrangement using a conventional bus protocol, 
r*- Signaling processor 350 is any processing platform that can receive and process signaling to 

1 ; select virtual connections and circuit-based connections, and then generate and transmit messages to 
identify the selections. Various forms of signaling are contemplated by the invention, including ISDN, 
SS7, and C7. A preferred embodiment of the signaling processor is discussed in detail toward the end 
of the disclosure. 

Muxes 360, 362, and 364 could be any system operable to interwork traffic between ATM and 
non-ATM formats in accord with control messages from signaling processor 350. These control 
messages are typically provided on a call-by-call basis and identify an assignment of a DS0 to a Virtual 
Path Identifiers/Virtual Channel Identifier (VPI/VCI). The mux would interwork the user traffic between 
the DS0 and ATM based on the control messages. For example, a mux might receive a DSO call 
connection and convert this traffic into ATM cells with a VPI/VCI selected by signaling processor. A 
mux may also receive ATM cells from ATM cross-connect 370. These ATM cells would be converted 
back into the DSO format and provided to the DSO call connection selected by signaling processor 350. 
In some embodiments, the muxes are operational to implement digital signal processing as instructed in 
control messages (typically from signaling processor 350). An example of digital signal processing 
would be echo cancellation or continuity testing. A preferred embodiment of these muxes are also 
discussed in detail below. 

ATM cross-connect 370 is any device that provides a plurality of ATM virtual connections 
between the muxes. An example of an ATM cross-connect is the NEC Model 20. In ATM, virtual 
t connections can be designated by the VPI/VCI in the cell header. Cross-connect 370 can be configured 
> to provide a plurality of VPI/VCI connections between the muxes. The following examples illustrate 
a possible configuration. VP1 "A" could be provisioned from mux 360 through cross-connect 370 to 
mux 362. VPI "B" could be provisioned from mux 360 through cross-connect 370 and to mux 364. VPI 
"C" could be provisioned from mux 360 through cross-connect 370 and back to mux 360. Similarly, 
VPIs could be provisioned from: mux 362 to mux 360, mux 362 to mux 364, mux 362 back to mux 362, 
mux 364 to mux 360, mux 364 to mux 362, and mux 364 back to mux 364. In this way, the selection 
of the VPI essentially selects the outgoing mux. The VCIs could be used to differentiate individual calls 
on the VPI between two muxes. 

DS3, DSI, and DSO connections are bi-directional, whereas ATM connections are uni- 
directional. This means that the bi-directional connections will typically require two ATM connections — 
one in each direction. This could be accomplished by assigning a companion VPI/VCI to each VPI/VCI 
used for call set-up. The muxes would be configured to invoke the companion VPI/VCI in order to 
provide a return path for the bi-directional connection. 

In some embodiments, the signaling processor, the muxes, and the cross-connect will all be 
physically located at the same site. For example, the tandem system would occupy a single site just as 
a circuit switch occupies a single site. In this way, the tandem system physically and functionally 
emulates a tandem circuit switch. However, the component nature of the tandem system allows it to be 
distributed if desired. For example, in alternative embodiments, the muxes and the cross-connect will 
be physically located at the same site, but the signaling processor will be located at a remote site. 
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The system would operate as follows for a call on connection 320 destined for connection 326. 
In this embodiment, the user information from connection 324 is capable of being muxed to the DSO 
level, but this is not required in other embodiments. Additionally, SS7 signaling is used in this 
embodiment, but other signaling protocols, such as C7 signaling, are also applicable to the invention. 

A DSO in connection 320 would be seized and an 1AM related to the call would be received 
over link 330. Signaling processor 350 would process the 1AM to select a VPI/VC1 from mux 362 
through ATM cross-connect 370 to mux 364. Signaling processor 350 would also select a DSO on 
connection 326 from mux 364. These selections may be based on many factors with a few examples 
being the dialed number or the identity of the destination network. Signaling processor 350 would send 
a control message over link 390 to mux 362 that identifies both the seized DSO in connection 320 and 
the selected VPI/VCI. Signaling processor 350 would also send a control message over link 390 to mux 
364 that identifies both the selected VPI/VCI and the selected DSO in connection 326. If required, 
signaling processor would also instruct one of the muxes to apply echo cancellation to the call. In 
addition, signaling processor 350 would transmit any signaling required to continue call set-up over links 
15 330 and 336. 

Mux 362 would receive the control message from signaling processor 350 identifying the seized 
DSO in connection 324 and the selected VPI/VCI. Mux 362 would then convert the user information 
from the seized DSO in connection 324 into ATM cells. Mux 362 would designate the selected VPI/VCI 
in the cell headers. 

The virtual connection designated by the selected VPI/VCI would have been previously 
provisioned through cross-connect 370 from mux 362 to mux 364. As a result, cells with the selected 
VPI/VCI are transmitted over connection 382 and transferred by cross-connect 370 over connection 384 
to mux 364. 

Mux 364 would receive a control message from signaling processor 350 identifying the selected 
25 VPI/VCI and the selected DSO in connection 326. Mux 364 will convert the ATM cells with the selected 

VPI/VCI in the cell header to the selected DSO on connection 326. Thus it can be seen that the selections 
of the VPI/VCI and DSO by signaling processor 350 can be implemented by muxes 362 and 364 to 
interconnect DSOs on connection 320 and 326. These interconnections can be provided by tandem 
system 300 on a call by call basis. 

Upon completion of the call, signaling processor 350 would receive a release message (REL) 
indicating call tear-down. As a result, signaling processor 350 would provide tear down messages to 
mux 360 and mux 364. When the muxes receive these messages they would disassociate the VPI/VCI 
and the DSOs. This effectively terminates the call connection and frees up the VPI/VCI and DSOs for 
use on other calls. 

From the above description, it can be seen that call-by-call control over the VPI/VCIs and DSOs 
at the ATM/DS0 interworking point is used to interconnect the traffic from incoming DSOs to outbound 
DSOs. This interworking point where traffic is converted is in the muxes. Unlike conventional circuit 
switches, the matrix (i.e. the cross-connect) is not controlled on a call-by-call basis. It is merely 
provisioned to interconnect the muxes. This greatly simplifies the invention over conventional tandem 
switches. This unique combination of components and control provides many advantages for a tandem 
system. It can typically be produced at lower cost than a conventional tandem circuit switch. The 
components of the tandem system are readily scalable, so that the size of the tandem system can be 
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tailored to specific traffic demands and upgraded as needed. As will be seen, the signaling processor is 
not integrated within a switch. This allows it to be tailored more readily to a given task. For example, 
robust and expensive routing logic may not be required. 

Fig. 4 depicts tandem system 400. Tandem system 400 is the same as tandem system 300 from 
Fig. 3, except that connection 486 has been added: For the purposes of clarity, the other reference 
numbers have been omitted. Connection 486 is ATM connection. Typically, the ATM connection 
would use a transport protocol, such as SONET or DS3, but others are also known. Connection 486 
provides ATM systems with access to tandem system 400. This access occurs through the cross-connect. 
The cross-connect would be provisioned to connect particular VPI/VCIs on connection 486 to particular 
muxes. In this way, non-ATM traffic entering tandem system 400 through a mux could egress the 
system in the ATM format over connection 486. Additionally, ATM traffic could enter tandem system 
400 over connection 486 and egress through a mux on a non-ATM connection. In some embodiments, 
a signaling link from the signaling processor to the cross-connect could be used to exchange B-ISDN 
signaling between the signaling processor and the ATM system through the cross-connect and connection 
486. In such an embodiment, B-ISDN signaling VPI/VCIs are provisioned through the cross-connect 
between the signaling processor and the ATM system. Advantageously, tandem system 400 provides 
tandem access to and from ATM systems. 

Fig. 5 depicts tandem system 500, switch 510, switch 512, network element 514, network 520, 
network 522, and network 524. These components are all known in the art and are connected and linked 
as shown on Fig. 5. These connections and links are as described above, but for the sake of clarity, the 
connections and links are not numbered. Tandem system 500 operates as described above. 

Fig. 5 is provided to illustrate various routing features of tandem system 500. Because tandem 
system 500 may be implemented to provide a specific type of tandem function, the routing can be 
tailored to the specific needs as well. Advantageously, this can simplify the complexity and cost of 
tandem system 500. 

In one embodiment, tandem system 500 routes based on the area code (NPA) in a dialed 
number. This could be the case where switches 510 and 512 provide traffic to tandem system 500 for 
routing to network element 5 14 and networks 520, 522, and 524. If the network element and networks 
can be differentiated for purposes of routing by area code, then tandem system 500 need not be 
configured with complex routing logic. 

In one embodiment, tandem system 500 routes based on the exchange code (NXX) in a dialed 
number. This might be the case where switches 510 and 512, network element 514, and networks 520, 
522, and 524 are all in the same area code. If these components are in the same area code, but can be 
differentiated for purposes of routing by NXX, then tandem system 500 need not be configured with 
complex routing logic. In another embodiment, tandem system 500 could route based both NPA and 
NXX. 

In some embodiments, tandem system 500 could route based on the identity of the destination 
network. Often, the identity of the next network in the call path is provided in a signaling message. 
Tandem system 500 would receive the signaling message over a signaling link an identify the destination 
network. The SS7 IAM includes a transit network selection code or a carrier identification parameter. 
Either of these codes can be used by tandem system 500 to identify the destination network and select 
a route to the destination network. For example, switch 512 may identify network 524 as the destination 
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network in the IAM to tandem system 500. By reading the carrier identification perameter in the IAM, 
tandem system 500 could identify network 524 as the destination and select a route to network 524. This 
eliminates significant call processing and simplifies tandem system 500. 

In some embodiments, tandem system 500 could read the nature of address in the IAM to 
identify types of operator assisted and international calls. Once identified, the calls could be routed to 
the appropriate operator system or international carrier. 

In some embodiments, the tandem system 500 may facilitate routing in a number portability 
scenario. Number portability allows called parties to retain their telephone number when they move. 
When a network encounters one of these ported numbers, it will launch a TCAP query to a database that 
can identify the new network element that now serves the called party. (Typically, this new network 
element is the class 5 switch where the called party is now located.) The identity of the network element 
is provided in a TCAP response back to the network element that sent the query. The TCAP response 
identifies the new network element that now serves the called party. This identification can be a local 
route number contained in the TCAP. 

In the context of the invention, tandem system 500 could support number portability. Tandem 
system 500 could query the database and route to the appropriate network based on the local route 
number in the TCAP response. Tandem system 500 could also receive calls from systems that have 
already queried the number portability database. In this case, tandem system 500 would use the local 
route number in the signaling to identify the destination network and route the call. 

In some embodiments, the key to routing the call will be trunk group selection. Trunk groups 
typically contain many DSOs. For example, the connections between tandem system 500 and networks 
520, 522, and 524 could each be a trunk group. For calls received from switches 5 10 and 512, tandem 
system 500 may only need to determine which of these three trunk groups to use. This is because the 
selection of the trunk group effectively routes the call to the proper network. The selection of the DS0 
within the selected trunk group is based on the availability within the selected trunk group. 

Fig. 6 depicts tandem system 600, Incumbent Local Exchange Carrier (ILEC) 620, Competitive 
Local Exchange Carrier (CLEC) 622, CLEC 624, Interexchange Carrier (IXC) 626, IXC 628, and 
international carrier 630. These networks are familiar to those skilled in the art and are connected and 
linked as shown. Examples of the connections are DS1, DS3 or ATM connections and examples of the 
links are SS7 links, although other connections and links that apply are also known. ILECs are the 
established local networks. The CLECs are newer local networks that are allowed to compete with the 
established local networks. As a result, numerous LECs - either incumbent or competitive - will 
provide services to the same area. These ILECs and CLECs will need access to each other. They will 
also need access to IXCs for long distance calls and to international carriers for international calls. 
Tandem system 600 is similar to the tandem systems described above and it provides interconnection 
among these networks. For example, all local calls from ILEC 620 to CLEC 622 may use tandem system 
600 for the interconnection. Call signaling and connections would be provided to tandem system 600 
by ILEC 620. Tandem system would process the signaling and interconnect the calls to CLEC 622. 
Tandem system 600 would typically send additional signaling to CLEC 622 to facilitate call completion. 

Similar arrangements could be made between the other networks. Tandem system 600 could 
provide tandem access between the following combinations: CLEC and CLEC, CLEC and ILEC, ILEC 
and IXC, CLEC and IXC, IXC and IXC, ILEC and international carrier, CLEC and international carrier, 
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and IXC and international carrier. In some cases this routing could be effected by processing the local 
routing number, transit network selection code, or carrier identification perameter. In this way, call 
processing at tandem system 600 is simplified, yet each network has access to the other networks without 
managing multiple connections. 

THE ATM INTERWORK1NG MULTIPLEXER 

Fig. 7 shows one embodiment of the mux that is suitable for the present invention, but other 
muxes that support the requirements of the invention are also applicable. Shown are control interface 
700, OC-3 interface 705, DS3 interface 710, DS1 interface 715, DS0 interface 720, digital signal 
processor 325, ATM adaption Layer (AAL) 730, and OC-3 interface 735. 

Control interface 700 accepts messages from the signaling processor. In particular, control 
interface 700 provides DSO/virtual connection assignments to AAL 730 for implementation. Control 
interface 700 may accept control messages from the signaling processor with messages for DS0 720. 
These messages could be to connect DSOs to: 1) other DSOs, 2) digital signal processor 725, or 3) AAL 
730 (bypassing digital signal processor 725). Control interface 700 may accept control messages from 
the signaling processor with messages for digital signal processing 725. An example of such an message 
would be to disable an echo canceller on a particular connection. 

OC-3 interface 705 accepts the OC-3 format and makes the conversion to DS3. DS3 interface 
710 accepts the DS3 format and makes the conversion to DS1. DS3 interface 710 can accept DS3s from 
OC-3 interface 705 or from an external connection. DSl interface 715 accepts the DS1 format and 
makes the conversion to DS0. DSl interface 715 can accept DSls from DS3 interface 710 or from an 
external connection. DS0 interface 720 accepts the DS0 format and provides an interface to digital signal 
processor 725 or AAL 730. In some embodiments, DS0 interface 420 could be capable of directly 
interconnecting particular DSOs. This could be the case for call entering and egressing from the same 
mux. This would also be useful to facilitate continuity testing by a switch. OC-3 interface 735 is 
operational to accept ATM cells from AAL 730 and transmit them, typically over the connection to a 
cross-connect. 

Digital signal processor 725 is operational to apply various digital processes to particular DSOs 
in response to control messages received through control interface 700. Examples of digital processing 
include: tone detection, tone transmission, loopbacks, voice detection, voice messaging, echo 
cancellation, compression, and encryption. In some embodiments, digital signal processing 725 could 
handle continuity testing. For example, the signaling processor may instruct the mux to provide a 
loopback for a continuity test and or disable cancellation for a call. Digital signal processor 725 is 
connected to AAL 730. As discussed, DSOs from DS0 interface 720 may bypass digital signal 
processing 725 and be directly coupled to AAL 730. 

AAL 730 comprises both a convergence sublayer and a segmentation and reassembly (SAR) 
layer. AAL 730 is operational to accept the user information in DS0 format from DS0 interface 720 or 
digital signal processor 725 and convert the information into ATM cells. AALs are known in the art and 
information about AALs is provided by International Telecommunications Union (ITU) document 
1.363. An AAL for voice is also described in patent application serial number 08/395,745, filed on 
February 28, 1995, entitled "Cell Processing for Voice Transmission", and hereby incorporated by 
reference into this application. AAL 730 obtains the virtual path identifier (VPI) and virtual channel 
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identifier (VC1) for each call from control interface 700. AAL 730 also obtains the identity of the DS0 
for each call (or the DSOs for an Nx64 call). AAL 730 then converts user information between the 
identified DS0 and the identified ATM virtual connection. Acknowledgments that the assignments have 
been implemented may be sent back to the signaling processor if desired. Calls with a bit rate that are 
a multiple of 64 kbit/second are known as Nx64 calls. If desired, AAL 730 can be capable of accepting 
control messages through control interface 700 for Nx64 calls. 

As discussed above, the mux also handles calls in the opposite direction -- from OC-3 interface 
735 to DS0 interface 720. This traffic would have been converted to ATM by another mux and routed 
to OC-3 735 by the cross-connect over the selected VPI/VCI. Control interface 700 will provide AAL 
730 with the assignment of the selected VPI/VCI to the selected outbound DS0. The mux will convert 
the ATM cells with the selected VPI/VCI in the cell headers into the DS0 format and provide it to the 
selected outbound DS0 connection. 

A technique for processing VPI/VCIs is disclosed in patent application serial number 
08/653,852, filed on May 28,1996, entitled "Telecommunications System with a Connection Processing 
15 System", and hereby incorporated by reference into this application. 

DSO connections are bi-directional and ATM connections are typically uni-directional. As a 
result, two virtual connections in opposing directions will typically be required for each DSO. As 
discussed, this can be accomplished provisioning the cross-connect with companion VPI/VCIs in the 
opposite direction as the original VPI/VCIs. On each call, the muxes would be configured to 
automatically invoke the particular companion VPI/VCI to provide a bi-directional virtual connection 
to match the bi-directional DSO on the call. 
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THE SIGNALING PROCESSOR 
The signaling processor is referred to as a call/connection manager (CCM), and it receives and 
25 processes telecommunications call signaling and control messages to select connections that establish 

communication paths for calls. In the preferred embodiment, the CCM processes SS7 signaling to select 
connections for a call. CCM processing is described in a U.S. Patent Application having attorney docket 
number 1 148, which is entitled "Telecommunication System," which is assigned to the same assignee 
as this patent application, and which is incorporated herein by reference. 

In addition to selecting connections, the CCM performs many other functions in the context of 
call processing. It not only can control routing and select the actual connections, but it can also validate 
callers, control echo cancelers, generate billing information, invoke intelligent network functions, access 
remote databases, manage traffic, and balance network loads. One skilled in the art will appreciate how 
the CCM described below can be adapted to operate in the above embodiments. 

Fig. 8 depicts a version of the CCM. Other versions are also contemplated. In the embodiment 
of Fig. 8, CCM 800 controls an ATM interworking multiplexer (mux) that performs interworking of 
DSOs and VPI/VCIs. However, the CCM may control other communications devices and connections 
in other embodiments. 

CCM 800 comprises signaling platform 810, control platform 820, and application platform 
40 830. Each of the platforms 8 1 0, 820, and 830 is coupled to the other platforms. 

Signaling platform 810 is externally coupled to the SS7 systems - in particular to systems 
having a message transfer part (MTP), an ISDN user part (ISUP), a signaling connection control part 
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(SCCP), an intelligent network application part (INAP), and a transaction capabilities application part 
(TCAP). Control platform 820 is externally coupled to a mux control, an echo control, a resource 
control, billing, and operations. 

Signaling platform 8 10 comprises MTP levels 1-3, ISUP, TCAP, SCCP, and 1NAP functionality 
and-is operational to transmit and receive the SS7 messages. The ISUP, SCCP, INAP, and TCAP 
functionality use MTP to transmit and receive the SS7 messages. Together, this functionality is referred 
as an "SS7 stack/' and it is well known. The software required by one skilled in the art to configure an 
SS7 stack is commercially available, for example, from the Trillium company. 

Control platform 820 is comprised of various external interfaces including a mux interface, an 
echo interface, a resource control interface, a billing interface, and an operations interface. The mux 
interface exchanges messages with at least one mux. These messages comprise DSO to VPI/VCI 
assignments, acknowledgments, and status information. The echo control interface exchanges messages 
with echo control systems. Messages exchanged with echo control systems might include instructions 
to enable or disable echo cancellation on particular DSOs, acknowledgments, and status information. 

The resource control interface exchanges messages with external resources. Examples of such 
resources are devices that implement continuity testing, encryption, compression, tone detec- 
tion/transmission, voice detection, and voice messaging. The messages exchanged with resources are 
instructions to apply the resource to particular DSOs, acknowledgments, and status information. For 
example, a message may instruct a continuity testing resource to provide a loopback or to send and detect 
a tone for a continuity test. 

The billing interface transfers pertinent billing information to a billing system. Typical billing 
information includes the parties to the call, time points for the call, and any special features applied to 
the call. The operations interface allows for the configuration and control of CCM 800. One skilled in 
the art will appreciate how to produce the software for the interfaces in control platform 820. 

Application platform 830 is functional to process signaling information from signaling platform 
810 in order to select connections. The identity of the selected connections are provided to control 
platform 820 for the mux interface. Application platform 830 is responsible for validation, translation, 
routing, call control, exceptions, screening, and error handling. In addition to providing, the control 
requirements for the mux, application platform 830 also provides requirements for echo control and 
resource control to the appropriate interface of control platform 820. In addition, application platform 
830 generates signaling information for transmission by signaling platform 810. The signaling 
information might be ISUP, INAP, or TCAP messages to external network elements. Pertinent 
information for each call is stored in a call control block (CCB) for the call. The CCB can be used for 
tracking and billing the call. 

Application platform 830 operates in general accord with the Basic Call Model (BCM) defined 
by the ITU. An instance of the BCM is created to handle each call. The BCM includes an originating 
process and a terminating process. Application platform 830 includes a service switching function (SSF) 
that is used to invoke the service control function (SCF). Typically, the SCF is contained in a service 
control point (SCP). The SCF is queried with TCAP or INAP messages. The originating or terminating 
processes will access remote databases with intelligent network (IN ) functionality via the SSF function. 
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Software requirements for application platform 830 can be produced in specification and 
description language (SDL) defined in ITU-T Z. 100. The SDL can be converted into C code. Additional 
C and C++ code can be added as required to establish the environment. 

CCM 800 can be comprised of the above-described software loaded onto a computer The 
computer can be an Integrated Micro Products (IMP) FT-S P arc 600 using the Solaris operating system 
and conventional database systems. It may be desirable to utilize the multi-threading capability of a Unix 
operating system. 

From Fig. 8, it can be seen that application platform 830 processes signaling information to 
control numerous systems and facilitate call connections and services. The SS7 signaling is exchanged 
with external components through signaling platform 810, and control information is exchanged with 
external systems through control platform 820. Advantageously, CCM 800 is not integrated into a switch 
CPU that is coupled to a switching matrix. Unlike an SCP, CCM 800 is capable of processing ISUP 
messages independently of TCAP queries. 
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SS7 MESSAGE DESIGNATIONS 
SS7 messages are well known. Designations for various SS7 messages commonly are used, 
skilled in the art are familiar with the following message designations: 
Address Complete Message 
Answer Message 
Blocking 

Blocking Acknowledgment 

Call Progress 

Charge Information 

Circuit Group Blocking 

Circuit Group Blocking Acknowledgment 

Circuit Group Reset 

Circuit Group Reset Acknowledgment 

Circuit Group Unblocking 

Circuit Group Unblocking Acknowledgment 

Circuit Group Query 

Circuit Group Query Response 

Circuit Reservation Message 

Circuit Reservation Acknowledgment 

Circuit Validation Test 

Circuit Validation Response 

Confusion 

Continuity 

Continuity Check Request 
Exit Message 
Information 
Information Request 
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Called number table 908 is used to identify routing requirements based on the called number. 
This will be the case for standard telephone calls. Called number table 908 typically points to routing 
table 910. Although, it may point to trunk group table 902. 

Routing table 910 has information relating to the routing of the call for the various connections. 
Routing table 910 is entered from a pointer in either exception table 904, ANI table 906, or called 
number table 908. Routing table 910 typically points to a trunk group in trunk group table 902. 

When exception table 904, ANI table 906, called number table 908, or routing table 910 point 
to trunk group table 902, they effectively select the terminating trunk group. When the terminating 
connection is being processed, the trunk group number in trunk group table 902 points to the trunk group 
that contains the applicable terminating connection in trunk circuit table 902. 

The terminating trunk circuit is used to extend the call. The trunk circuit is typically a VPI/VCI 
or a DS0. Thus it can be seen that by migrating through the tables, a terminating connection can be 
selected for a call. 

Fig. 10 is an overlay of Fig. 9. The tables from Fig. 9 are present, but for clarity, their pointers 
have been omitted. Fig. 10 illustrates additional tables that can be accessed from the tables of Fig. 9. 
These include CCM ID table 1000, treatment table 1004, query/response table 1006, and message table 
1008. 

CCM ID table 1000 contains various CCM SS7 point codes. It can be accessed from trunk 
group table 902, and it points back to trunk group table 902. 

Treatment table 1004 identifies various special actions to be taken in the course of call 
processing. This will typically result in the transmission of a release message (REL) and a cause value. 
Treatment table 1004 can be accessed from trunk circuit table 900, trunk group table 902, exception table 
904, ANI table 906, called number table 908, routing table 910, and query/response table 1006. 

Query/response table 1006 has information used to invoke the SCF. It can be accessed by trunk 
group table 902, exception table 904, ANI table 906, called number table 908, and routing table 910. 
It points to trunk group table 902, exception table 904, ANI table 906, called number table 908, routing 
table 910, and treatment table 1004. 

Message table 1008 is used to provide instructions for messages from the termination side of 
the call. It can be accessed by trunk group table 902 and points to trunk group table 902. 

Figs. 11-18 depict examples of the various tables described above. Fig. 1 1 depicts an example 
of the trunk circuit table. Initially, the trunk circuit table is used to access information about the 
originating circuit. Later in the processing, it is used to provide information about the terminating 
circuit. For originating circuit processing, the associated point code is used to enter the table. This is 
the point code of the switch or CCM associated with the originating circuit. For terminating circuit 
processing, the trunk group number is used to enter the table. 

The table also contains the circuit identification code (CIC). The CIC identifies the circuit 
which is typically a DS0 or a VPI/VCI. Thus, the invention is capable of mapping the SS7 CICs to the 
ATM VPI/VCI. If the circuit is ATM, the virtual path (VP) and the virtual channel (VC) also can be 
used for identification. The group member number is a numeric code that is used for terminating circuit 
selection. The hardware identifier identifies the location of the hardware associated with the originating 
circuit. The echo canceler(EC) identification (ID) entry identities the echo canceler for the originating 
circuit. 
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IAM — Initial Address 

LPA — Loop Back Acknowledgment 

PAM -- Pass Along ; ' * • 

REL -- Release 
5 RLC -- Release Complete V 

RSC - Reset Circuit • 

RES — Resume 
SUS -- Suspend 
UBL — Unblocking 
10 UBA -- Unblocking Acknowledgment 

UCIC -- Unequipped Circuit Identification Code. 

CCM TABLES 

Call processing typically entails two aspects. First, an incoming or "originating" connection 
is recognized by an originating call process. For example, the initial connection that a call uses to enter 
15 a network is the originating connection in that network. Second, an outgoing or "terminating" 

connection is selected by a terminating call process. For example, the terminating connection is coupled 
to the originating connection in order to extend the call through the network. These two aspects of call 
processing are referred to as the originating side of the call and the terminating side of the call. 

Fig. 5 depicts a data structure used by application platform 830 to execute the BCM. This is 
accomplished through a series of tables that point to one another in various ways. The pointers are 
typically comprised of next function and next index designations. The next function points to the next 
table, and the next index points to an entry or a range of entries in that table. The data structure has trunk 
circuit table 500, trunk group table 502, exception table 504, AN I table 906, called number table 908, 
and routing table 910. 

Trunk circuit table 900 contains information related to the connections. Typically, the 
connections are DS0 or ATM connections. Initially, trunk circuit table 900 is used to retrieve 
information about the originating connection. Later, the table is used to retrieve information about the 
terminating connection. When the originating connection is being processed, the trunk group number 
in trunk circuit table 900 points to the applicable trunk group for the originating connection in trunk 
30 group table 902. 

Trunk group table 902 contains information related to the originating and terminating trunk 
groups. When the originating connection is being processed, trunk group table 902 provides information 
relevant to the trunk group for the originating connection and typically points to exception table 904. 

Exception table 904 is used to identify various exception conditions related to the call that may 
influence the routing or other handling of the call. Typically, exception table 904 points to ANI table 
906. Although, exception table 904 may point directly to trunk group table 902, called number table 
908, or routing table 910. 

ANI table 906 is used to identify any special characteristics related to the caller's number. The. 
caller's number is commonly known as automatic number identification (ANI). ANI table 906 typically 
points to called number table 908. Although, ANI table 906 may point directly to trunk group table 902 
or routing table 910. 
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The remaining fields are dynamic in that they are filled during call processing. The echo control 
entry is filled based on three fields in signaling messages: the echo suppressor indicator in the IAM or 
CRM, the echo control device indicator in the ACM or CPM, and the information transfer capability in 
the IAM. This information is used to determine if echo control is required on the call. The satellite 
indicator is filled with the satellite indicator in the IAM or CRM. It may be used to reject a call if too 
many satellites are used. The circuit status indicates if the given circuit is idle, blocked, or not blocked. 
The circuit state indicates the current state of the circuit, for example, active or transient. The time/date 
indicates when the idle circuit went idle. 

Fig. 12 depicts an example of the trunk group table. During origination processing, the trunk 
group number from the trunk circuit table is used to key into the trunk table. Glare resolution indicates 
how a glare situation is to be resolved. Glare is dual seizure of the same circuit. If the glare resolution 
entry is set to "even/odd," the network element with the higher point code controls the even circuits, and 
the network element with the lower point code controls the odd circuits. If the glare resolution entry is 
set to "all," the CCM controls all of the circuits. If the glare resolution entry is set to "none," the CCM 
yields. The continuity control entry lists the percent of calls requiring continuity tests on the trunk group. 

The common language location identifier (CLLI) entry is a Bellcore standardized entry. The 
satellite trunk group entry indicates that the trunk group uses a satellite. The satellite trunk group entry 
is used in conjunction with the satellite indicator field described above to determine if the call has used 
too many satellite connections and, therefore, must be rejected. The service indicator indicates if the 
incoming message is from a CCM (ATM) or a switch (TDM). The outgoing message index (OMI) 
points to the message table so that outgoing messages can obtain parameters. The associated number 
plan area (NPA) entry identifies the area code. 

Selection sequence indicates the methodology that will be used to select a connection. The 
selection sequence field designations tell the trunk group to select circuits based on the following: least 
idle, most idle, ascending, descending, clockwise, and counterclockwise. The hop counter is 
decremented from the IAM. If the hop counter is zero, the call is released. Automatic congestion control 
(ACC) active indicates whether or not congestion control is active. If automatic congestion control is 
active, the CCM may release the call. During termination processing, the next function and index are 
used to enter the trunk circuit table. 

Fig. 13 depicts an example of the exception table. The index is used as a pointer to enter the 
table. The carrier selection identification (ID) parameter indicates how the caller reached the network 
and is used for routing certain types of calls. The following are used for this field: spare or no indication, 
selected carrier identification code presubscribed and input by the calling party, selected carrier 
identification code presubscribed and not input by the calling party, selected carrier identification code 
presubscribed and no indication of input by the calling party, and selected carrier identification code not 
presubscribed and input by the calling party. The carrier identification (ID) indicates the network that 
the caller wants to use. This is used to route calls directly to the desired network. The called party 
number nature of address differentiates between 0+ calls, 1+ calls, test calls, and international calls. For 
example, international calls might be routed to a pre-selected international carrier. 

The called party "digits from" and "digits to" focus further processing unique to a defined range 
of called numbers. The "digits from" field is a decimal number ranging from 1-15 digits. It can be any 
length and, if filled with less than 15 digits, is filled with 0s for the remaining digits. The "digits to" field 
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is a decimal number ranging from 1-15 digits. It can be any length and, if filled with less than 15 digits, 
is filled with 9s for the remaining digits. The next function and next index entries point to the next table 
which is typically the ANI table. 

Fig. 14 depicts an example of the ANI table. The index is used to enter the fields of the table. 
The calling party category differentiates among types of calling parties, for example, test calls, 
emergency calls, and ordinary calls. The calling party\charge number entry nature of address indicates 
how the ANI is to be obtained. The following is the table fill that is used in this field: unknown, unique 
subscriber numbers, ANI not available or not provided, unique national number, ANI of the called party 
included, ANI of the called party not included, ANI of the called party includes national number, non- 
unique subscriber number, non-unique national number, non-unique international number, test line test 
code, and all other parameter values. 

The "digits from" and "digits to" focus further processing unique to ANI within a given range. 
The data entry indicates if the ANI represents a data device that does not need echo control. Originating 
line information (OLI) differentiates among ordinary subscriber, multiparty line, ANI failure, station 
level rating, special operator handling, automatic identified outward dialing, coin or non-coin call using 
database access, 800/888 service call, coin, prison/inmate service, intercept (blank, trouble, and regular), 
operator handled call, outward wide area telecommunications service, telecommunications relay service 
(TRS), cellular services, private paystation, and access for private virtual network types of service. The 
next function and next index point to the next table which is typically the called number table. 

Fig. 15 depicts an example of the called number table. The index is used to enter the table. The 
called number nature of address entry indicates the type of dialed number, for example, national versus 
international. The "digits from" and "digits to" entries focus further processing unique to a range of 
called numbers. The processing follows the processing logic of the "digits from" and "digits to" fields 
in Fig. 9. The next function and next index point to the next table which is typically the routing table. 

Fig. 1 6 depicts ah example of the routing table. The index is used to enter the table. The transit 
network selection (TNS) network identification (ID) plan indicates the number of digits to use for the 
CIC. The transit network selection "digits from" and "digits to" fields define the range of numbers to 
identify an international carrier. The circuit code indicates the need for an operator on the call. The next 
function and next index entries in the routing table are used to identify a trunk group. The second and 
third next function/index entries define alternate routes. The third next function entry can also point back 
to another set of next functions in the routing table in order to expand the number of alternate route 
choices. The only other entries allowed are pointers to the treatment table. If the routing table points 
to the trunk group table, then the trunk group table typically points to a trunk circuit in the trunk circuit 
table. The yield from the trunk circuit table is the terminating connection for the call. 

It can be seen from Figs. 11-16 that the tables can be configured and relate to one another in 
such a way that call processes can enter the trunk circuit table for the originating connection and can 
traverse through the tables by keying on information and using pointers. The yield of the tables is 
typically a terminating connection identified by the trunk circuit table. In some cases, treatment is 
specified by the treatment table instead of a connection. If, at any point during the processing, a trunk 
group can be selected, processing may proceed directly to the trunk group table for terminating circuit 
selection. For example, it may be desirable to route calls from a particular ANI over a particular set of 
trunk groups. In this case, the AN! table would point directly to the trunk group table, and the trunk 
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group table would point to the trunk circuit table for a terminating circuit. The default path through the 
tables is: trunk circuit, trunk group, exception, ANI, called number, routing, trunk group, and trunk 
circuit. 

Fig. 17 depicts an example of the treatment table. Either the index or the message received 
cause number are filled and are used to enter the table. If the index is filled and used to enter the table, 
the general location, coding standard, and cause value indicator are used to generate an SS7 REL. The 
message received cause value entry is the cause value in a received SS7 message. If the message 
received cause value is filled and used to enter the table, then the cause value from that message is used 
in a REL from the CCM. The next function and next index point to the next table. 

Fig. 18 depicts an example of the message table. This table allows the CCM to alter information 
in outgoing messages. Message type is used to enter the table, and it represents the outgoing standard 
SS7 message type. The parameter is the pertinent parameter within the outgoing SS7 message. The 
indexes point to various entries in the trunk group table and determine if parameters can be unchanged, 
omitted, or modified in the outgoing messages. 

Those skilled in the art will appreciate that variations from the specific embodiments disclosed 
above are contemplated by the invention. The invention should not be restricted to the above 
embodiments, but should be measured by the following claims. 
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CLAIMS 

1 . A telecommunications tandem system for providing a tandem connection for a call, 

wherein the tandem system comprises; 

a first ATM interworking multiplexer that is operational to receive circuit-based traffic for the 
5 call from a first circuit-based connection, to convert the circuit-based traffic into ATM 

cells that identify a selected virtual connection based on a first control message, and 
to transmit the ATM cells; 
an ATM cross-connect that is connected to the first ATM interworking multiplexer and that is 
operational to receive the ATM cells from the first ATM interworking multiplexer and 
10 to route th e ATM cells based on the selected virtual connection identified in the ATM 

cells; 

a second ATM interworking multiplexer that is connected to the ATM cross-connect and that 
is operational to receive the ATM cells from the ATM cross-connect, to convert the 
ATM cells into the circuit-based traffic, and to transmit the circuit-based traffic over 
a selected second circuit-based connection based on a second control message; and 
a signaling processor that is linked to the first ATM multiplexer and the second ATM 
multiplexer and that is operational to receive and process telecommunications 
signaling for the call to select the virtual connection and the second circuit-based 
connection, to provide the first control message for the call to the first ATM 
multiplexer, and to provide the second control message for the call to the second ATM 
multiplexer, wherein the first control message identifies the first circuit-based 
connection and the selected virtual connection, wherein the second control message 
identifies the selected virtual connection and the selected second circuit-based 
connection, and wherein the first circuit based connection, the selected virtual 
connection, and the selected second circuit based connection form the tandem 
connection. 
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2. The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection for the call between two circuit-based switches. 

30 

3. The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection for the call between two circuit-based switching networks. 

4. The tandem system of claim I wherein the tandem system is operational to provide the 
35 tandem connection for the call between a circuit-based switch and an enhanced services platform. 

5. The tandem system of claim I wherein the selected virtual connection is provisioned 
from the first ATM interworking multiplexer to the second ATM interworking multiplexer through the 
ATM cross-connect before the call. 



40 



6. The tandem system of claim 1 wherein the circuit-based connections are DSO 

connections 
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7. The tandem system of claim 1 wherein the first ATM multiplexer and the second ATM 
multiplexer are incorporated into a single ATM multiplexer. 

8. The tandem system of claim 1 wherein the first control message and the second control 
message are incorporated into a single control message. 

9. The tandem system of claim 1 wherein the first ATM multiplexer, the second ATM 
multiplexer, and the ATM cross-connect are physically located at the same site. 

10. The tandem system of claim I wherein the signaling processor, the first ATM 
multiplexer, the second ATM multiplexer, and the ATM cross-connect are physically located at the same 
site. 

1 1 . The tandem system of claim I wherein the telecommunications signaling is a call set- 
up message. 

12. The tandem system of claim 1 wherein the telecommunications signaling is a Signaling 
System #1 Initial Address Message (SS7 IAM). 

13. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on a called number in the telecommunications signaling. 

^ 14. The tandem system of claim I wherein the signaling processor is operational to select 
the connections for the call based on an NPA in a called number in the telecommunications signaling. 

15. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on an NXX in a called number in the telecommunications signaling. 

16. The tandem system of claim I wherein the signaling processor is operational to select 
the connections for the call based on an NPA-NXX in a called number in the telecommunications 
signaling. 

17. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on a destination network identified in the telecommunications 
signaling. 

18. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on a transit network selection code in the telecommunications 
signaling. 



WO 98/23063 



20 



PCT/US97/20286 



1 9. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on a carrier identification perameter in the telecommunications 
signaling. 

20. The tandem system of claim i wherein the signaling processor is operational to select 
the connections for the call based on a nature of address in the telecommunications signaling. 

2 1 . The tandem system of claim I wherein the signaling processor is operational to select 
the connections for the call based on a network element identified in the telecommunications signaling. 

22. The tandem system of claim 1 wherein the signaling processor is operational to select 
the connections for the call based on a local route number in the telecommunications signaling. 

23. The tandem system of claim I wherein the signaling processor is operational to select 
the connections for the call based on a trunk group to be used for the call. 

24. The tandem system of claim I wherein the tandem system is operational to apply echo 
cancellation to the call. 

25. The tandem system of claim 1 wherein the tandem system is operational to exchange 
ATM traffic with an ATM system for another call. 

26. The tandem system of claim 1 wherein the tandem system is operational to exchange 
B-ISDN signaling with an ATM system for another call. 

27. The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection between an incumbent local exchange carrier and a competitive local exchange 
carrier for the call. 

28. The tandem system of claim 1 wherein the tandem system is operational to provide 
the tandem connection between a first competitive local exchange carrier and a second competitive local 
exchange carrier for the call. 

29. The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection between a local exchange carrier and an interexchange carrier for the call. 

30. The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection between a local exchange carrier and an international carrier for the call. 

3 1 . The tandem system of claim 1 wherein the tandem system is operational to provide the 
tandem connection between an interexchange carrier and an international carrier for the call. 
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32. A method for operating a telecommunications tandem system for providing a tandem 
connection for a call, wherein the method comprises; 

receiving circuit-based traffic for the call into a first ATM multiplexer from a first circuit-based 
connection; 

receiving telecommunications signaling for the call into a signaling processor; 

processing the telecommunications signaling in the signaling processor to select an ATM 
connection and a second circuit-based connection for the call; 

providing a first control message from the signaling processor to the first ATM interworking 
multiplexer wherein the first control message identifies a first circuit-based connection 
and the selected ATM connection; 

providing a second control message from the signaling processor to a second ATM interwork- 
ing multiplexer wherein the second control message identifies the selected ATM 
connection and the selected second circuit-based connection; 

converting the circuit-based traffic in the first ATM multiplexer into ATM cells that identify 
the selected ATM connection based on the first control message; 

transmitting the ATM cells from the first ATM multiplexer to an ATM cross-connect; 

routing ATM cells from the ATM cross-connect to the second ATM multiplexer based on the 
selected ATM connection that is identified in the ATM cells; 

receiving the ATM cells into the second ATM multiplexer over the selected ATM connection; 

converting the ATM cells in the second ATM multiplexer into the circuit-based traffic; and 

transmitting the circuit-based traffic over the selected second circuit-based connection for the 
call based on the second control message, wherein the first circuit-based connection, 
the selected ATM connection, and the selected second circuit-based connection form 
the tandem connection. 

33. The method of claim 32 wherein the tandem system provides the tandem connection 
for the call between two circuit-based switches. 

34. The method of claim 32 wherein the tandem system provides the tandem connection 
for the call between two circuit-based switching networks. 

35. The method of claim 32 wherein the tandem system provides the tandem connection 
for the call between a circuit-based switch and an enhanced services platform. 

36. The method of claim 32 wherein the selected ATM connection is provisioned from the 
first ATM interworking multiplexer to the second ATM interworking multiplexer through the ATM 
cross-connect before the call. 

37. The method of claim 32 wherein the circuit-based connections are DSO connections. 

38. The method of claim 32 wherein the first ATM multiplexer and the second ATM 
multiplexer are incorporated into a single ATM multiplexer. 
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39. The method of claim 32 wherein the first control message and the second control 
message are incorporated into a single control message. 

40. The method of claim 32 wherein the first ATM multiplexer, the second ATM 
multiplexer, and the ATM cross-connect are physically located at the same site. 

41 . The method of claim 32 wherein the signaling processor, the first ATM multiplexer, 
the second ATM multiplexer, and the ATM cross-connect are physically located at the same site. 

42. The method of claim 32 wherein the telecommunications signaling is a call set-up 

message. 

43. The method of claim 32 wherein the telecommunications signaling is a Signaling 
System #7 Initial Address Message (SS7 IAM). 

44. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a called number in the telecommunications signaling. 

45. The method of claim 32 wherein the signaling processor selects the connections for 
20 the call based on an NPA in a called number in the telecommunications signaling. 

46. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on an NXX in a called number in the telecommunications signaling. 

25 41 • Tne method of claim 32 wherein the signaling processor selects the connections for 

the call based on an NPA-NXX in a called number in the telecommunications signaling. 

48. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a destination network identified in the telecommunications signaling. 

30 

49. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a transit network selection code in the telecommunications signaling. 

50. The method of claim 32 wherein the signaling processor selects the connections for 
35 tne caI1 based on a carrier identification parameter in the telecommunications signaling. 

5 1 . The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a nature of address in the telecommunications signaling. 

40 52 - The method of claim 32 wherein the signaling processor selects the connections for 

the call based on a network element identified in the telecommunications signaling. 
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53. The method of claim 32 wherein the signaling processor selects the connections for 
the call based on a local route number in the telecommunications signaling. 



^ 54 - The method of claim 32 wherein the signaling processor selects the connections for 
the^call based on a trunk group to be used for the call. 

55. The method of claim 32 wherein the tandem system applies echo cancellation to the 

call. 

56. The method of claim 32 wherein the tandem system exchanges ATM traffic with an 
ATM system for another call. 



57. The method of claim 32 wherein the tandem system exchanges B-ISDN signaling with 
an ATM system for another call. 



58. The method of claim 32 wherein the tandem system provides the tandem connection 
between an incumbent local exchange carrier and a competitive local exchange carrier for the call. 

59. The method of claim 32 wherein the tandem system provides the tandem connection 
between a first competitive local exchange carrier and a second competitive local exchange carrier for 
the call. 

c:; 60. The method of claim 32 wherein the tandem system provides the tandem connection 
between a local exchange carrier and an interexchange carrier for the call. 

61. The method of claim 32 wherein the tandem system provides the tandem connection 
between a local exchange carrier and an international carrier for the call. 



62. The method of claim 32 wherein the tandem system provides the tandem connection 
between an interexchange carrier and an international carrier for the call. 
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